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10.0 SITE-SPECIFIC EVALUATIONS 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 -Site-Specific EvallU1li.ons 
Revision: 0 

The objectives of the approved fInal work plan were to: (1) identify COPCs (if present) at each 2 

site, (2) evaluate the nature and extent of any contamination, and (3) appraise sites requiring 3 

corrective measures. The site-specifIc evaluations are divided into investigation groups that were 4 

established in the approved [mal work plan. Each discussion includes detailed, site-specifIc 5 

summaries containing: (1) site history and previous investigations, (2) site-specifIc geology and 6 

hydrogeology, (3) fIeld investigation approach and deviations from the approved fInal work plan, 7 

(4) nature and extent of contamination, (5) expected fate and transport of COPCs, (6) human 8 

health-based risk assessment, and (7) corrective measures considerations. 9 

The site-specifIc discussions are designed to provide the information necessary to determine any 10 

required site-specifIc remedial alternatives, and to specify which sites are potential 11 

CMS candidates. 12 

10.1 



Zone G RCRA Facility investigation Report 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

10.1 AOe 628, Sandblasting Area, Southeast of Building 68 

A eSI site, AOe 628 is a fenced area southeast of Building 68 that was used from 1962 to 1967 2 

for abrasive blasting of large metal parts, including ship parts. Materials released, stored or 3 

disposed of included spent blasting media, paint and metallic residues, organic solvent wastes, and 4 

petroleum products. 5 

10.1.1 Site Geology 6 

The soil boring locations for AOe 628 are shown in Figure 10.1-1. The detailed stratigraphy at 7 

AOe 628 could not be determined as no monitoring well borings were installed at this site. 8 

Therefore, geologic and hydrogeologic data gathered from the immediately adjacent AOe 620 in 9 

Zone F, is presented. Based on three monitoring well borings, the stratigraphy consists of silt and to 

clay overlying sandy clay. The silt and clay exhibits a grain size distribution of 8 % sand, 32 % 11 

silt, and 60 % clay. The sandy clay extends to the maximum depth of the wells and exhibits an 12 

average grain size distribution of 55% sand, 10% silt, and 35% clay. Boring logs for these wells 13 

are contained in Appendix A of the Draft Zone F RCRA Facility Investigation Report (EnSafe, 14 

December 1997). Based on the Zone G shallow groundwater potentrometric maps contained in 15 

Section 2 the groundwater elevation at AOe 628 is approximately 4 ft msl. Shallow groundwater 16 

at AOe 628 flows generally to the southeast. 17 

10.1.2 Field Investigation Approach 18 

The objective of the field investigation at AOe 628 was to: (1) confirm the presence or absence 19 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 20 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 21 

the investigation area included site soil. Section 3 of this report details the methods used during 22 

the field investigation. Included in this section are descriptions of the hand-auger procedures used 23 

for soil sampling, and miscellaneous procedures used during the field investigation. Also 24 

10.1.1 
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Section 10 - Site Specific Evaluations 
Revision: 0 

discussed are the analytical protocols for sample analyses. Appendix D contains the analytical data 

report or samples collected in Zone G. 2 

10.1.3 Soil Sampling and Analysis 3 

The approved final RFI work plan proposed advancing five soil borings within the AOC 628 area 4 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 5 

samples were proposed from each boring. Five soil borings were advanced during the field 6 

investigation. as depicted in Figure 10.1-1. Four borings included both soil sampling intervals, 7 

while one boring included the upper interval only. Where not collected, the lower interval sample 8 

was not collected due to obstructions in the borehole, or because of a shallow water table. In 9 

accordance with the approved final RFI work plan soil samples from AOC 628 were analyzed for 10 

metals, SVOCs, and VOCs at DQO Level III. Table 10.1.1 summarizes the AOC 628 soil 11 

samples and analyses. 12 

Table IO.I.l 
ZoneG 

AOe 628 
Soil Samples and Analyses 

Boring Sample Sample Date 
Location Identifier Interval Collected Analyses Remarks 

6288BOOI 62JlSBOOIO 1 Upper 109101/96 See- Note 
628SB00202 Lower 

6285B002 6285B00201 Upper 10101196 See Note 
6285B00202 Lower 

628SB003 628SBOO3(l1 Upper 10/01196 See Note 
628SBOO3(l2 Lower 

6285BOO4 6285B00401 Upper 10101196 See Note Lower interval not sampled 

628SB005 6285B0050) Upper 10101/96 See Note 

62JlSB00502 Lower 

Note: 
SW-846 (metals, SYOCs. VOCs) at DQO Level III 

10.1.3 



10.1.3.1 Nature of Contamination in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section J 0 - Site Specific Evaluations 
Revision: a 

Organic compound analytical results for soil are summarized in Table 10.1.2. Inorganic analytical 1 

results for soil are summarized in Table 10.1.3. Table 10.1.4 summarizes all analytes detected 3 

in soil at AOC 628. Appendix D contains a complete analytical data report for all Zone G samples 4 

oo~~. 5 

Volatile Organic Compounds in Soil 6 

Two VOCs were detected in surface soil. No VOCs in surface soil exceeded their respective 7 

RBC. 8 

Three VOCs were detected in subsurface soil samples at this AOC. Methylene chloride was the 9 

only VOC which exceeded its respective SSL in subsurface soil. Figure 10.1-2 presents methylene 10 

chloride concentrations detected in subsurface soil. II 

Semivolatile Organic Compounds in Soil 12 

Fourteen SVOCs were detected in surface soil samples at AOC 628. Benzo(a)pyrene and 13 

dibenz(a,h)anthracene exceeded exceeded their respective RBCs in surface soil samples at this 14 

AOC. Figure 10.1-3 presents total BEQ concentrations detected in surface soil at AOC 628. IS 

Eighteen SVOCs were detected in subsurface soil samples at AOC 628. No SVOCs in subsurface 16 

soil exceeded their respective SSL. 17 

Inorganic Elements in Soil 18 

Eighteen metals were detected in surface soil samples collected at AOC 628. Arsenic, and 19 

chromium were detected at concentrations which exceeded the greater of their respective RBCs 20 

and background concentrations for Zone G surface soil. Concentrations of iron in all five samples 21 

exceeded the RBC. Because iron is considered an essential nutrient, no background for iron was 22 

established. 23 

10.1.4 
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Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

SeCiion 10 - Site Specific Evaluations 
Revision: 0 

Figure 10.1-4 presents arsenic concentrations detected in surface soil. Figure 10.1-5 presents 

chromium detected in surface soil. 2 

Twenty metals were detected in subsurface soil samples at AOC 628. No subsurface metals 

concentrations exceeded the greater of their respective SSL or subsurface soil background 4 

concentrations. 5 

10.1.4 Fate and Transport Assessment 6 

AOC 628 is a fenced area southeast of Building 68. Environmental media sampled as part of the 7 

investigation of AOC 628 include surface and subsurface soil. Potential constituent migration 8 

pathways investigated include soil-to-groundwater and emissions of volatile compounds from 9 

surface soil to air. 10 

10.1.4.1 SoH-to-Groundwater Cross-IViedia Transport II 

Table 10.1.5 compares maxiroum detected organic and inorganic constituent concentrations in 12 

surface soil and subsurface soil samples to risk based soil screening levels considered protective 13 

of groundwater. For inorganic compounds, the maximum concentrations in soil are compared 14 

to the greater of either the risk based soil screening level or the corresponding background values. 15 

To provide a conservative screen, generic soil screening levels are used. Leachate entering the 16 

aquifer is assumed to be diluted by a ratio of 20: 1, with no attenuation of constituents in soil 17 

(DAF = 20). 18 

At AOC 628, one volatile organic compound - methylene chloride - was detected above its SSL 19 

in subsurface soil at sampling location 628SB001; the majority of other detected VOCs were 20 

present at location 628SB002. Notably, while it was detected in subsurface soil it is not present 21 

is surface soil. While historical practices at this AOC included use of organic solvents, the 22 

continued presence of methylene chloride (if associated with past activities) is enigmatic due to its 23 

10.1.21 
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Table 10.1.5 
Chemicals Detected in Surface SOIl and Subsurface Soil 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 
NA VBASE Charleston, Zone G AOC 628 
Charleston, South Carolina 

Max. Concentration Max Concentration Screening Concentration * 
Soil to Saltwater 

Surface Subsurface Shallow Deep GW Tap Water Surf Wtr Soil Water 
Parameter Soil Soil GW GW SSL RBC Chronic Units Units 

Yohltile Organic Compouodll 
Benzene 2 NO NA NA 30 0.36 109 UGlKG UG"-
~-Butanone (MEK) ND 44 NA NA 7900 1900 NA VOIKO UGiL 

!carbon disulfide ND 2 NA NA 32000 1000 NA UGlKG UG"-
Methylene chloride ND 32 NA NA 20 4 I 2560 VOIKO UGiL 

Trichloroethene 2 NO NA NA 60 16 NA UGlKG UG"-

Semivolatilc Organic Compoundll 
Acenaphthene NO 86 NA NA 570000 2200 9.7 UGlKG UG,,-

Acenaphthylene 73 69 NA NA 293000 1500 NA UMeG UM. 
'Anthracene 170 130 NA NA 12000000 11000 NA UGlKG u,",-
Henzo(g,h,i)peryiene 300 190 NA NA 4.66E+(jg 1500 NA UG>:G uO"-
Benzo(a)pyrene equivalents 

Benzo( a )antbracene 260 330 NA NA 2000 0092 NA UGlKG uO"-
Benzo( a )pyrene 270 280 NA NA 8000 00092 NA UGlKG uO"-
Benzo(b )fluoranthene 320 250 NA NA 5000 0.092 NA UG>:G UGiL 
Benzo(k)fl uoranthene 250 350 NA NA 49000 0.92 NA UWKG UGIL 

Chrysene 650 540 NA NA 160000 92 NA VOIKO UG"-
Dibenzo(a,h)anthracene 120 77 NA NA 2000 0.0092 NA UOIKO UGIL 

Indeno(l.2.3-cd)pyrene 220 180 NA NA 14000 0092 NA VOIKO UGIL 

DI-n-butylphthalate ND 24 NA NA 2300000 3700 J4 UOIKO UGIL 

Fluoranthene 2100 2100 NA NA 4300000 1500 16 UOIKO UGIL 

Fluorene ND 48 NA NA 560000 1500 NA UG>:G UG"-
2-Metbylnaphthalene 42 ND NA NA 126000 1500 NA UOIKO UGIL 

~aphthalene ND 44 NA NA 84000 1500 235 UOIKO UGiL 

Phenanthrene 450 1100 NA NA 1380000 1500 NA UG/KG UGiL 

Pyrene 1400 1400 NA NA 4200000 1100 NA UWKG UGIL 

t ,2,4-Trichlorobenzene NO 76 NA NA 5000 190 NA UWKG UGIL 

Inorganic Compounds 
Aluminum 10600 15800 NA NA 1000000 37000 NA "Gn<G UG"-
Antimony 064 057 NA NA 5 15 NA "G/KG UG"-
Arsenic 21 194 NA NA 29 178 36 MG>:G UGIL 

Barium 385 444 NA NA 1600 2600 NA MOIKO UGIL 

Beryllium ND 1.3 NA NA 63 0.016 NA MGiKG UGiL 

Cadmium 0.33 042 NA NA 8 18 93 MGiKG UGIL 

Chromium (total) 447 326 NA NA 1000000 180 50 MGiKG UGIL 

Cobalt 22 6.6 NA NA 2000 2200 NA MOIKO UGIL 

Lead 97 98 NA NA 400 15 85 "G/KG UGIL 
Manganese 146 655 NA NA 1100 2906 NA "Gn<G UGIL 
Mercury 0.19 0.4 NA NA 21 II 0.025 MGiKG UGIL 

tN"ickel 11.4 109 NA NA 130 730 217 MGn<G UGIL 

Selenium 14 18 NA NA 5 180 71 "Gn<G UGIL 

Irnallium ND 047 NA NA 095 29 21.3 MG/KG UGIL 

~~:adium 379 599 NA NA 6000 260 NA MGIKG UGr ... 

916 161 NA NA 12000 11000 86 "WKG UG~ 

Notes 
* Screening Concentrations· 

Soil to GW - Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6 4 
Tap Water RBC - From EPA Region 1Il Risk-Based Concentration Table, October 22, t 997 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Salt Water Surface Water Chronic - From EPA Supplemental GUidance to RAGS Region IV BulletinS, Ecological Risk Assessment, November, 1995, Table 2 
For inorganics, the value shown is the greater of the relevant screening value or the corresponding background value. 

NA - Not avaiiableINot applicable 
ND - Not detected 
RBe - Risk based concentration 
SSL - Soil screening level 
MGIKG - Milligrams per kilogram 
NGIKG - Nanograms per kilogram 
PGfL - Picograms per liter 
UGIKG - Micrograms per kilogram 
UGIL - Micrograms per liter 
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extreme volatility. Its absence in surface soil may be due to degassing of soil, or it may also be 

the result of methylene chloride partitioning to gaseous phase from groundwater. Methylene 1 

chloride is a typical laboratory contaminant and could possibly be present as the result of cross 

contamination in the laboratory; however, data validation for AOC 628 did not eliminate its 4 

occurrence, and it should be regarded as actually present in the sample. Sampling location 5 

628SBOOI is located in the gravel at AOC 628. The relationship to location 628SB002 (where 6 

other VOCs were detected) is unclear, as is the relationship of soil-to-groundwater (e.g. 7 

groundwater impacts are unknown). Without further data, the pathway appears to have some 8 

merit at least with respect to methylene chloride; the presence of other VOCs and SVOCs detected 9 

in both surface and subsurface soil could also support the further investigation of this pathway. 10 

No inorganics were found to exceed SSLs, therefore the pathway is considered invalid for this 11 

group of constituents. 12 

10.1.4.2 Soil-to-Air Cross-Media Transport 13 

Table 10.1.6 lists the VOCs detected in surface soil samples collected at AOC 628, along with L4 

corresponding soil-to-air screening levels. No volatile compounds were detected in site surface 15 

soil that exceeded applicable screening levels. Therefore, this migration pathway is considered 16 

invalid. L7 

10.1.4.3 Fate and Transport Summary L8 

Only one organic constituent - methylene chloride - was detected at one sampling location at a L9 

concentration exceeding its SSL. While historical activities at AOC 628 could have included the 20 

use of methylene chloride as a solvent, it is also a common laboratory contaminant. Assuming 21 

its actual presence in the subsurface soil, its absence in surface soil may represent degassing from 22 

surface soil, or volatilization from groundwater. The soil-to-groundwater migration pathway 23 

appears to have merit based on the presence of methylene chloride at concentrations above the 24 

10.1.25 



Table 10.1.6 
Soil to Air Volatilization Screening Analysis 
NA VBASE Charleston, Zone G: AOC 628 
Charleston, South Carolina 

Maximum 
Concentration 

in Surface 
VOCs Soil 

Benzene 2 
Trichloroethene 2 

Soil to 
Air Exceeds 

SSL' Units SSL 

800 UGIKG NO 
5000 UGIKG NO 

• - Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region III Risk-Based Concentration Table, June 1996. 

NA - Not available 
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SSL. Based on historical use of the site for blasting large metal parts for ships, metals would be 

expected to be present in the soil; however, inorganic constituents were not found to exceed their 2 

groundwater protection levels at AOe 628. The migration pathway for inorganic constituents to 3 

groundwater is therefore considered to be invalid. No volatile organic compounds were detected 4 

in site surface soil that exceeded applicable screening levels, thus the soil-to-air volatization 5 

pathway is invalid for this AOe. 6 

10.1.5 Human Health Risk Assessment 7 

10.1.5.1 Site Background and Investigative Approach 8 

Aoe 628 is a fenced area southeast of Building 68 that was formerly used for abrasive blasting 9 

of large metal parts. Materials released, stored, or disposed of included spent blasting media, 10 

paint and metallic residues, organic solvent wastes, and petroleum products. [[ 

During the CSI, five soil samples were coiiected from the upper intervai and four soil sampies [2 

were collected from the lower interval to identify potential impacts resulting from the activities 13 

listed above. Surface soil samples from all five boring locations were used to quantitatively assess [4 

soil exposure pathways. Subsurface soil is addressed in the previous section, Fate and Transport [5 

Assessment. Fate and transport screening did not identify any copes for the groundwater [6 

pathways. Groundwater is not currently used at Zone G for potable purposes, nor is it expected [7 

to be used for drinking water in the future. For these reasons, groundwater pathways were not [8 

included in the risk assessment for AOe 628. Section 10.1.3 provides a summary of the sampling [9 

effort for AOe 628 soil. 20 

10.1.5.2 eopc Identification 2[ 

Based on the screening comparisons described in Section 7 of this eSI and presented in 22 

Table 10.1.7, benzo(a)pyrene equivalents, arsenic, and chromium were identified as copes in 23 

surface soil. 24 

10.1.27 



Table 10.1.7 
Chemicals Present in Site Samples 
AOC 628 • Surface Soil 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Frequency Range Average Range Screening Concentration 
of of Detected of Residential 

Parameter Detection Detection Concentration SQL RBe Background UnHs Bkg 

Carcinogenic PAHs 
}P Equiv. 5 5 84.843 453.55 291.9046 NA NA 88 NA UGlKG 4 

o{a)anthracene 5 5 54 260 148.8 NA NA 880 NA UGlKG 
o(a)pyrene 5 5 66 270 179.2 NA NA 88 NA UGlKG 4 
o(b)fluoranthene 5 5 76 320 213.2 NA NA 880 NA UGlKG 
o(k)fJuoranthene 5 5 79 250 181.8 NA NA 8800 NA UGlKG 

5 5 53 650 286.6 NA NA 88000 NA UGlKG 
4 5 46 120 77 370 370 88 NA UGlKG 
5 5 50 220 128 NA NA 880 NA UGlKG 

I __ ~ ___ ;--

"'''''Ha,",,~ 

5 5 3130 10600 5784 NA NA 7800 18700 MGlKG 
1 5 0.64 0.64 0.84 0.33 0.39 3.1 2.89 MGlKG 
5 5 1.4 21 8.48 NA NA 0.43 17.2 MGlKG 5 
5 5 11 38.5 21.32 NA NA 550 109 MGlKG 
4 5 0.17 0.33 0.2525 0.05 0.05 3.9 1.07 MGlKG 
5 5 5970 80600 34870 NA NA NA NA MGlKG 
5 5 5.4 44.7 21.16 NA NA 39 42.8 MGlKG 
5 5 0.88 2.2 1.832 NA NA 470 6.6 MGlKG 
5 5 2780 23900 9690 NA NA NA NA MGlKG 
5 5 11.2 97 54.92 NA NA 400 181 MGlKG 

esium (Mg) 5 5 798 2560 1549.6 NA NA NA NA MGlKG 
ese (Mn) 5 5 55.4 146 96.76 NA NA 180 325 MGlKG 
(Hg) 5 5 0.04 0.19 0.136 NA NA 2.3 1.03 MGlKG 
i) 5 5 44 11.4 6.94 NA NA 160 20.6 MGlKG 

(K) 4 5 396 2330 941.75 225 225 NA NA MGlKG 
Selenium (So) 4 5 0.38 1.4 0.73 0.34 0.34 39 1.22 MGlKG 

5 5 4.3 37.9 16.48 NA NA 55 60.9 MGlKG 
5 5 24.5 91.6 73.1 NA NA 2300 519 MGlKG 

Semivolatile Organics 
2-Methylnaphthalene 5 42 42 42 370 430 310000 NA UGlKG 
Acenaphthylene 2 5 60 73 66.5 370 390 230000 NA UGlKG 
Anthracene 4 5 60 170 100.75 370 370 2300000 NA UGlKG 
Benzo(g,h,i)perylene 5 5 54 300 152.8 NA NA 230000 NA UGlKG 
Auoranthene 4 5 180 2100 795 370 370 310000 NA UGlKG 
Phenanthrene 4 5 69 450 219.75 370 370 230000 NA UGlKG 
Pyrene 4 5 160 1400 580 370 370 230000 NA UGlKG 

Volatile Organics 
Benzene 5 2 2 2 6 6 22000 NA UGlKG 
Trichloroethene 5 2 2 2 6 6 58000 NA UGlKG 

Notes: 
• - Indicates chemical 'HaS Identified as a COPC 
SCl - Sai"l.ple quantitatiun liirit 
RBC - Risk-based concentration 
UGlKG - mcrograms per kilogram 
MGlKG - milligrams per kilogram 
NA - Not applicable or not available 
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AOC 628 is located in an industrial setting approximately 465 feet northeast of the intersection of 

2 

Hobson A venue and Thirteenth Street. 4 

Potentially Exposed Populations 5 

Potentially exposed populations are current and future site workers. Additional potentially 6 

exposed popUlations are hypothetical future site residents. Future site resident and worker 7 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 8 

workers is discussed qualitativi:ly in relation to the future workers and future residents. The 9 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 10 

Current site workers' exposure would be less than that assumed for the hypothetical future site 11 

worker scenario because of their limited soil contact. Therefore, future worker assessment is 12 

considered to be conservatively representative of current site users. The future site resident 13 

scenario was built on the premise that existing features would be removed and replaced with 14 

dwellings. 15 

Exposure Pathways 16 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 17 

ingestion of surface soils. The exposure pathways for future site workers are the same as those 18 

for the future site residents with respect to soil. Uniform exposure was assumed for all sample 19 

locations. Table 10.1.8 presents the justification for exposure pathways assessed in this HHRA. 20 

10.1.29 



Potentially Exposed 
Pomdatj!!!1 

Current] ,and J mes 

Current Users (Site 
Workers) 

Fu'ure Land lIses 

Future Site Residents 
(Child and Adult), 
Furure Site Worker 

Table 10.1.8 
ZoneG 

AOe 628 
Exposure Pathways Summary 

Medium and Exposure 
Pathway 

Air~ Inhalation of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained m fugitive dust 

Shallow groundwater. 
Ingestion of contaminarus 
during potable ar general use 

Shallow groundwater, 
Inhalauon of volatilized 
shallow groundwater 
contaminants 

Soil, Incidental ingestion 

Soil, Dermal contact 

Air, Inhalation of gaseous 
contaminants emanating from 
soil 

Air+ Inhalation of chemicals 
entrained in fugItive dust 

Shallow groundwater. 
Ir.gestion of contami. .. ..ants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatihzed 
contaminants during domestic 
me 

SOIl. Incidental ingestIOn 

Soil, Dennal contact 

Wild game or domestic 
animals, IngestIOn of tlssue 
impacted by media 
contammatton 

Pathway Selected for 
Eyaluation? 

No 

No 

No 

No 

No (Qualified) 

No (Qualified) 

No 

No 

No 

No 

Yes 

Yes 

No 
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Reason for Selection Of ExciusiOD 

Fate and transport screening did not identlfy any 
copes fur this indirect exposure pathway. 

This exposure pathway was considered 
msignificant compared to the other pathways. 

ShaUow groundwater is not currently used as a 
source of potable or non~residentiaL water at AOC 
628. 

Shallow groundwater is not currently used as a 
source of potable or non~residential water at AOC 
628. 

Future site use is: considered conservatively 
representative of current site use. 

Future site use is considered conservatively 
representative of current site use. 

Fate and transport screening did not identify any 
COPCs for this mdlrect exposure pathway. 

This exposure pathway was considered 
insignificant compared to the other pathways. 

Fate and transport screening did not identify any 
COPCs for t..l.,is exposure p~thw~y. 

Volatile copes were not identified subsequent to 
risk-based screening comparisons. 

COPCs were identified subsequent to risk-based 
and background screenmg comparisons. 

copes were identified subsequent 10 risk-based 
and background screening comparisons. 

Hunting/taking of game and/or raIsmg livestock is 
prohibited within the Charleston, South Carolina 
city limits. 



Table 10.1.8 
ZoneG 

AOC628 
Exposure Pathways Summary 

Potentially Exposed 
PornJ1atjoD 

Mediwn and Exposure 
Pathway 

Fruits and vegetables, 
Ingesuon of plant tissues 
grown in media 

Exposure Point Concentrations 

Pathway Selected for 
Eyaluatjon? 

No 
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BeaSOn for SelectioD or Exclusjgn 

The potenual for significant exposure via this 
pathway IS lOw relative to that of other exposure 
pathways assessed. 

The maximum detected concentrations were used exposure point concentrations since there were 2 

less than ten data points for each of the COPCs identified. 3 

Quantification of Exposure 4 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.1.9 and 10.1.10, 5 

respectively. 6 

10.1.5.4 Toxicity Assessment 7 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.1.11 8 

presents toxicological information specific to each COPC identified at AOC 628. This information 9 

was used in the quantification of risk/hazard associated with soil contaminants. Brief toxicological 10 

profiles for each COPC are provided in the following paragraphs: II 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 12 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 13 

effects (Klaassen et ai., 1986). USEPA set 0.3 /-lg/kg-day as the oral RID for arsenic based on 14 

a no observed adverse effects level (NOAEL) of 0.8 /-lg/kg-day in a human exposure study. 15 

Arsenic's effects on the nervous and cardiovascular systems are primarily associated with acute 16 

exposure to higher concentrations. Exposure to arsenic-containing materials has been shown to 17 

10.1.31 
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cause cancer in humans. Inhaling these materials can lead to increased lung cancer risk, and 

ingestion is associated with increased skin cancer rates. Arsenic has been classified as a group A 2 

carcinogen by USEPA, which set the 1.5 (mg/kg-day)"loral slope factor (SF) for arsenic. As 3 

listed in IRIS, the classification is based on sufficient evidence from human data. An increased 4 

lung cancer mortality was observed in mUltiple human populations exposed primarily through 5 

inhalation. Also, increased mortality from multiple internal organ cancers (liver, kidney, lung, 6 

and bladder) and an increased incidence of skin cancer were observed in populations consuming 7 

drinking water high in inorganic arsenic. Human milk contains about 3 /1g/L arsenic. The RBC 8 

for arsenic in tap water is 0.045 /1g/L. As listed in IRIS, the critical effect of this chemical is 9 

hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor 10 

was 3 and the modifying factor was 1. 11 

Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons 12 

(PAHs): 13 

Benzo(a)anthracene TEF 0.1 14 

Benzo(b )fluoranthene TEF 0.1 15 

Dibenz(a,h)anthracene TEF 1.0 16 

Benzo(k)fluoranthene TEF 0.01 17 

Benzo(a)pyrene TEF 1.0 18 

Indeno(1,2,3-cd)pyrene TEF 0.1 19 

Chrysene TEF 0.001 20 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 21 

above have not been well established. There are no reference doses (RIDs) for the PAHs above 22 

due to a lack of data. All P AHs listed above are classified by USEP A as B2 carcinogens, and their 23 

carcinogenicity is addressed relative to that of benzo(a)pyrene, having an oral SF 24 

7.3 (mg/kg day)"l. Toxicity Equivalency Factors, also set by USEPA, are multipliers that are 25 
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applied to the detected concentrations, which are subsequently used to calculate excess cancer risk. 

These multipliers are discussed further in the exposure and toxicity assessment sections. Most 2 

carcinogenic P AHs have been classified as such due to animal studies using large doses of purified 

PAHs. There is some doubt as to the validity of these listings, and the SFs listed in USEPA's 4 

RBC table are provisional. However, these PAHs are carcinogens when the exposure involves 5 

a mixture of other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed 6 

in IRIS, the basis for the benzo(a)pyrene B2 classification is human data specifically linking 7 

benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, multiple animal studies 8 

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 9 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 10 

Carcinogenic Risk Assessment Verification Endeavor (CRAVE) Work Group meeting, a revised II 

risk estimate for benzo(a)pyrene was verified. This section provides information on three aspects 12 

of the carcinogenic risk assessment for the agent in question. The USEP A classification and !3 

quantitative estimates of exposure reflects a weight-of-evidence judgment of the likelihood that the 14 

agent is a human carcinogen. The quantitative risk estimates are presented in application of a low- 15 

dose extrapolation procedure and presented as the risk per mg/kg-day. The unit risk is the 16 

quantitative estimate in terms of either risk per /lg/L drinking water or risk per /lg/rrf air breathed. 17 

The third form in which risk is presented is drinking water or air concentration providing cancer 18 

risks of I in 10,000 or 1 in 1,000,000. The Carcinogenicity Background Document provides 19 

details on the carcinogenicity values found in IRIS. Users are referred to the Oral Reference Dose 20 

and Reference Concentration sections for information on long-term toxic effects other than 21 

carcinogenicity. 22 

The basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is listed in IRIS 23 

as no human data and sufficient data from animal bioassays. Benzo(b )fluoranthene produced 24 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin 25 
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painting. The basis for the benzo(a)anthracene B2 classification is listed in IRIS as no human data 

and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice exposed 2 

by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical application. 3 

Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and transformed 4 

mammalian cells in culture. The basis for the benzo(k)fluoranthene B2 classification is listed in 5 

IRIS as no human data and sufficient data from animal bioassays. Benzo(k)fluoranthene produced 6 

tumors after lung implantation in mice and when administered with a promoting agent in skin- 7 

painting studies. Equivocal results have been found in a lung adenoma assay in mice. 8 

Benzo(k)f1uoranthene is mutagenic in bacteria. (Klaassen, ct a1., 1986). 9 

Chromium exists in two stable, natural forms: trivalent (CrIll) and hexavalent (CrVI). Acute 10 

exposure to chromium can result in kidney damage following oral exposure or damage to the nasal II 

mucosa and septum following inhalation exposure. Chronic inhalation exposure to CrVI has 12 

resulted in kidney and respiratory tract damage, as well as excess lung cancer in both animals and IJ 

humans following occupational exposure. Only CrVI is believed to be carcinogenic by inhalation 14 

(IRIS). Oral RID values for CrIll and CrVI forms of chromium are 1.0 and 5E-3 mg/kg-day, 15 

respectively. For CrIll, the RID is based on liver toxicity in the rat. For the CrVI form, the RID 16 

is based on unspecified pathological changes observed in rat studies. In addition, CrVI is 17 

considered a Group A carcinogen for inhalation exposures. An oral SF of 42 (mg/kg-dayyl has 18 

been established for the CrVI form. Vitamin supplements contain approximately 0.025 mg of 19 

chromium. As listed in IRIS, no critical effects were observed for Crill. The uncertainty factor 20 

was 100 and the modifying factor was 10. As listed in IRIS, no critical effects were observed for 21 

CrVI. The uncertainty factor was 500 and the modifying factor was 1. 22 
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Exposure to surface soil onsite was evaluated under residential and industrial (site worker) 2 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 3 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 4 

computed separately to address child and adult exposure. Tables 10.1.12 and 10.1.13 present the 5 

computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 6 

contact with site surface soils, respectively. 7 

Hypothetical Site Residents 8 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 628 surface 9 

soils is SE-05. The dermal pathway ILCR is 8E-06. Arsenic and benzo(a)pyrene equivalents were to 

contributors to ILCR projections for the ingestion and dermal pathways. II 

The ingestion HIs projected for the adult and child receptors are 0.1 and I, respectively. The 12 

dermal pathway HIs were 0.02 for the adult resident receptor and 0.07 for the child resident 13 

receptor. The primary contributor to HI projections for the ingestion and dermal pathways was 14 

arsenic. Chromium was a secondary contributor. 15 

Hypothetical Site Workers 16 

Site worker ILCRs are 6E-06 for the ingestion pathway and 3E-06 for the dermal contact pathway. 17 

Arsenic and benzo(a)pyrene equivalents were contributors to ILCR projections for the ingestion 18 

and dermal pathways. 19 

Site worker HIs were 0.04 for the ingestion pathway and 0.02 for the dermal pathway. The 20 

primary contributor to HI projections for the ingestion and dermal pathways was arsenic. 21 

Chromium was a secondary contributor. 22 
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Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 2 

for this site on a medium-specific basis. USEP A has established a generally acceptable risk range 3 

of lE-04 to lE-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, 4 

a COC was considered to be any chemical contributing to a cumulative risk level of 1 E-06 or 5 

greater and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 6 

or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, 7 

because a cumulative risk level of lE-04 (and individual ILCR of lE-06) is recommended by 8 

USEPA Region IV as the trigger for establishing COCs. The COC selection method presented 9 

was used in order to provide a more comprehensive evaluation of chemicals contributing to 10 

carcinogenic risk or noncarcinogenic hazard during the remedial goal options development 11 

process. Table 10.1.14 presents the COCs identified for AOC 628 surface soil. 12 

Future Site Residents 13 

Arsenic and benzo(a)pyrene equivalents were identified as soil pathway COCs based on their 14 

contribution to cumulative residential ILCR projections. 15 

Arsenic and chromium were identified as soil pathways COCs based on their contribution to 16 

cumulative residential HI projections. 17 

Future Site Workers 18 

Arsenic and benzo(a)pyrene equivalents were identified as soil pathway COCs based on their 19 

contribution to cumulative industrial ILCR projections. 20 

No COCs were identified in AOC 628 surface soil based on contribution to cumulative industrial 21 

HI projections. 22 
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The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion, residential soil RBCs and background concentrations were compared to each reported 2 

COC concentration. Arsenic was detected in all 5 surface soil samples at a concentration above 3 

its residential RBC (0.43 mg/kg) , but only exceeded its background value (17.2 mg/kg) in 1 4 

surface soil sample (628SBOO4) with a concentration of 21 mg/kg. Chromium was also detected 5 

in all 5 surface soil samples, but only exceeded its residential RBC (39 mg/kg) and its background 6 

value (42.8 mg/kg) in 1 surface soil sample (628SB004) with a concentration of 44.7 mg/kg. 7 

Benzo(a)pyrene equivalent compounds were detected in all 5 surface soil samples and exceeded 8 

their corresponding residential RBC (88 ,Ug/kg) in 4 surface soil samples (628SB001, 628SB003, 9 

628SB004, and 628SB005). \0 

10.1.5.6 Risk Uncertainty II 

Characterization of Exposure Setting and Identification of Exposure Pathways 12 

The potential for high bias is introduced through the exposure setting and pathway selection due 13 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 14 

Region IV when assessing potential future and current exposure. The exposure assumptions made 15 

in the site worker scenario are highly protective and would tend to overestimate exposure. 16 

Residential use of the site would not be expected, based on current site uses and the nature or 17 

surrounding buildings. If this area were to be used as a residential site, the surface soil conditions 18 

would likely change - the soils could be covered with landscaping soil and/or a house. 19 

Consequently, exposure to surface soil conditions as represented by samples collected during the 20 

CSI would not be likely under a true future residential scenario. These factors indicate that 21 

exposure pathways assessed in this HHRA would generally overestimate the risk and hazard posed 22 

to current site workers and future site residents. 23 

10.1.43 
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The maximum detected soil constituent concentrations were used as the exposure point 2 

concentrations for this site. Use of maximum detected concentrations represent conservative 3 

assumptions when applied as the EPC, such that it is unlikely that the maximum detected 4 

concentration would be exceeded by the true mean concentration. The EPCs used for arsenic and 5 

chromium were only marginally above their respective background concentrations. 6 

Frequency of Detection and Spatial Distribution 7 

Arsenic and chromium each exceeded their respective residential RBC and background value in 8 

the same surface soil sample (628SB004), indicating a potential "hot spot". However, arsenic 9 

exceeded its background value by only 3.8 mg/kg, and chromium exceeded its background value 10 

by only 1. 9 mg/kg; indicating that concentrations are possibly representative of ambient 11 

conditions. 12 

Quantification of Risk/Hazard 13 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 14 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 15 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 16 

uncertainty are discussed below: 17 

A conservative screening process was used to identify COPCs for AOC 628. The potential for 18 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 19 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 20 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 21 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 22 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 23 

and eliminated from formal assessment, only aluminum was reported at a concentrations near its 24 
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RBC (e.g. within 10% of its RBC). Aluminum was actually detected at a concentration exceeding 

its RBC, however, its maximum concentration did not exceed its corresponding background 2 

concentration. As a result, aluminum was eliminated from consideration in the risk assessment. 3 

Background-related Risk 4 

Aluminum was detected in AOC 628 surface soil at a concentration above its corresponding RBC. 5 

It was eliminated from consideration in the risk assessment based on comparison to its background 6 

value. It is not unusual for naturally occurring or background concentrations of some elements 7 

to eXCeed risk -based concentrations. It is tL1.e risk assessment's function to identify eXCess risk 8 

and/or hazard, or that which is above background levels. The following is a discussion of the 9 

residential scenario risk/hazard associated with the background concentration of aluminum. 10 

The maximum surface soil concentration of aluminum (10,600 mg/kg) for AOC 628 equates with 11 

hazard quotients of 0.1 and 0.007 for the residential child and site worker, respectively. The 12 

background value for aluminum (18,700 mg/kg) results in hazard quotients of 0.3 and 0.01 for 13 

the residential child and site worker, respectively. 14 

10.1.5.7 Risk Summary 15 

The risk and hazard posed by contaminants at AOe 628 were assessed for future site workers and 16 

future site residents under reasonable maximum exposure assumptions. For surface soils, the 17 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Table 10.1.15 18 

presents the risk summary for each pathway/receptor group evaluated for Aoe 628. 19 

Residential Scenario 20 

Residential soil pathway COCs identified for AOC 628 are arsenic, chromium, and benzo(a)pyrene 21 

equivalents. Figures 10.1-6 and 10.1-7 illustrate point risk and hazard estimates for AOC 628 22 

10.1.45 
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based on soil exposure pathways under a future residential scenario. Table 10.1.16 summarizes 

the point risk and hazard contribution of each COPC at each sample location. The point risk map 2 

is based on the unlikely assumption that a potential future site resident will be chronically exposed 3 

to specific points. Exposure to surface soil conditions is more likely the result of uniform 4 

exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 5 

With this in mind, risk maps supplemented by the tables are useful in that they allow the reader 6 

to visualize how chemicals driving risk estimates are spatially distributed across the site. 7 

All five sample locations yielded ILCRs that were greater than lE-06. Arsenic was the primary 8 

contributor to risk at all sample locations, while benzo(a)pyrene equivalents were secondary 9 

contributors. However, arsenic only exceeded its background value at one location (628SB004). 10 

Risk estimates at AOC 628 ranged from SE-06 (628SB002) to 6E-OS (628SB004), with a mean II 

risk estimate of 3E-OS. 12 

Arsenic was the primary contributor to the hazard estimate at the only location at AOC 628 that 13 

yielded a hazard index above unity (628SBOO4). Chromium was a secondary contributor. Hazard 14 

index estimates ranged from 0.08 (628SBOO2) to 1.1 (628SBOO4), with a mean hazard estimate of 15 

0.4. 16 

Site Worker Scenario 17 

Industrial soil pathway COCs identified for AOC 628 are arsenic and benzo(a)pyrene equivalents. 18 

Figure 10.1-8 illustrates point risk estimates for AOC 628 based on soil exposure pathways under 19 

a future industrial scenario. Table 10 .1.17 summarizes the risk and hazard contribution of arsenic 20 

at each sample location. Although benzo(a)pyrene equivalents were identified as COCs for the 21 

site worker scenario, the maximum reported concentration of benzo(a)pyrene equivalents was 22 

below its corresponding industrial RBC. Therefore, benzo(a)pyrene equivalents were not included 23 

in point risk estimates for the industrial scenario. 24 

10.1.49 



Table 10.1.16 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 628 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk !E-06! % Risk 
628 001 Arsenic (As) 7.4 MG/KG 0.3382 84.75 19.3288 72.02 
628 001 8(a)P Equiv. 453.55 UG/KG NA 7.5109 27.98 
628 001 Chromium (Cr) 22.2 MG/KG 0.0609 15.25 NA 

Total 0.3991 26.8397 

628 002 Arsenic (As) 1.4 MG/KG 0.0640 81.21 3.6568 72.24 
628 002 8(a)p Equiv. 84.843 UG/KG NA 1.4050 27.76 
628 002 Chromium (Cr) 5.4 MGiKG 0.Oi48 i8.79 NA 

Total 0.0788 5.0618 

628 003 Arsenic (As) 6.2 MG/KG 0.2834 87.40 16.1944 75.01 
628 003 R(!:II'C I=nlli" 325.8 UG/KG NA 5.3953 24.99 ... , .... , , -'1 .. , .... 

628 003 Chromium (Cr) 14.9 MG/KG 0.0409 12.60 NA 
Total 0.3243 21.5898 

628 004 Arsenic (As) 21 MG/KG 0.9599 88.67 54.8520 92.74 
628 004 8(a)p Equiv. 259.15 UG/KG NA 4.2916 7.26 
628 004 Chromium (Cr) 44.7 MG/KG 0.1226 11.33 NA 

Total 1.0825 59.1436 

628 005 Arsenic (As) 6.4 MG/KG 0.2925 85.15 16.7168 75.02 
628 005 8(a)p Equiv. 336.18 UG/KG NA 5.5672 24.98 
628 005 Chromium (Cr) 18.6 MG/KG 0.0510 14.85 NA 

Total 0.3435 22.2841 





Table 10.1.17 
Poi nt Estimates of Risk and Hazard - Surface Soil Pathways 
Industria! Scenario 
AOC 628 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk !E~6! % Risk 
628 001 Arsenic (As) 7.4 MG/KG 0.0170 100 2.7344 100 

Total 0.0170 2.7344 

628 002 Arsenic (As) 1.4 MG/KG 0.0032 100 0.5173 100 
Total 0.0032 0.5173 

628 003 Arsenic (As) 6.2 MG/KG 0.0143 100 2.2909 100 "'_4._. ........ .. ~ " " ... " ... I U\cll V.V I ... " .£."'~v~ 

628 004 Arsenic (As) 21 MG/KG 0.0483 100 7.7596 100 
Total 0.0483 7.7596 

628 005 Arsenic (As) 6.4 MG/KG 0.0147 100 2.3648 100 
Total 0.0147 2.3648 



Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: a 

Four of five sample locations yielded an ILCR greater than lE-06 (62SSBOOI, 62SSB003, 

62SSB004, 62SSB005). Arsenic was the sole contributor to risk at AOC 62S. Risk estimates 2 

ranged from 5E-07 (62SSB002) to SE-06 (62SSBOO4), with a mean risk estimate of 3E-06. 3 

Arsenic was also the sole contributor to hazard estimates at AOC 62S; however, hazard indices 4 

did not exceed unity at any location for the industrial scenario. Hazard index estimates ranged 5 

from 0.003 (628SB002) to 0.05 (628SB004), with a mean hazard estimate of 0.02. 6 

10.1.5.8 Remedial Goal Options 7 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 8 

Table 10.1.1S for surface soils. Hazard-based RGOs were calculated based on the hypothetical 9 

child resident, as noted in the table. 10 

10.1,6 Corrective Measures Considerations 11 

Based on the analytical results and the human health risk assessment for AOC 62S, COCs 12 

requiring further evaluation through the CMS process have been identified for surface soil. The 13 

site is currently in an industrial setting, however risk to human health was evaluated under both 14 

the residential and industrial (site worker) scenarios. For these scenarios, the incidental ingestion 15 

and dermai contact exposure pathways were evaluated. Hazard was evaiuated for noncarcinogenic 16 

contaminants through incidental ingestion and dermal contact scenarios as well. 17 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 18 

cumulative risk level of IE-06 or greater and/or a cumulative hazard index above 1.0, and whose 19 

individual risk exceeds IE-06 or whose hazard quotient exceeds 0.1. 20 

10.1.53 
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Arsenic, chromium, and BEQs were identified as soil pathway COCs for AOC 62S. 

Table lO.1.19 presents cumulative and COC-specific exposure risks and hazard quotients. 2 

Risk -based remedial goals for arsenic, chromium, and BEQs in surface soil are presented in 3 

Table 10.1.IS. 4 

To determine the leaching potential of contaminants from the subsurface soil media to 5 

groundwater, contaminant concentrations in subsurface soil were compared against generic SSLs 6 

based on a DAF of 20. This comparison indicated one subsurface soil sample with contaminant 7 

concentrations exceeding the SSL. The contanlinant, Iuethylene chloride was detected at a M 

concentration of 32 ILg/kg exceeding the SSL (20 ILg/kg). However, methylene chloride is a 9 

common laboratory contaminant. Due to the low concentration of methylene chloride detected its 10 

vertical distribution and the absence of other site-specific compounds with concentrations 11 

exceeding SSLs, its presence can most likely be attributed to lab contamination. Because of the 12 

isolated nature of this occurrence and its likely source, corrective measures for this compound are 13 

not recommended at this time. For more information regarding indirect exposure pathways 14 

associated with subsurface soil refer to Section 10.1.4, Fate and Transport Assessment for 15 

AOC 62S. 16 

Potential corrective measures for soil are presented in Table lO.1.20. 17 

10.1.55 
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Z~neG 

AOC628 
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Cumulative and Chemical-Specific Exposure Risks and Hazard 

Chemical Indwtrial 

Soil 

Arseruc 7.8E-06 

Chronuum ND 

BEQ> 1.5E-06 

Cumulative 9.3E-06 

Note: 
ND = Not determined 

Medium Compounds 

Soil Arsenic, BEQs, Chromium 

Risk 

Residential 

5.5E'{)5 

ND 

7.5E-06 

6.2E'{)5 

Table 10.1.20 
ZoneG 

AOC 628 

Hazard 

Indwtrial 

0.05 

0.01 

ND 

0.06 

Potential Corrective Measures 

Potential Corrective Measures 

a} No action 
b) Excavate+ offsite disposal+ and monitoring 
-e) Containment/capping 

10.1.56 

Residential 

0.96 

0.12 

ND 

1.07 



10.2 AOC 633, Substation, Building 451C 
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A CSI site, AOC 633 is located near Buiiding 451C, an electrical substation buiit in 1943. The 2 

building is a block structure with a concrete roof and floor, several steel enclosures on concrete 3 

slabs and foundations from earlier buildings. Several high voltage switches, breakers and 4 

transformers are located in the two room block structure. Several large PCB releases have been 5 

documented from this site. 6 

10.2.1 Site Geology 7 

Figure 10.2-1 depicts the soil and sediment sampling locations at AOC 633. The detailed 8 

stratigraphy at AOC 633 could not be detennined as no monitoring well borings were completed 9 

within this area. Geologic data for monitoring well boring FDS07B (installed during the 10 

investigation of the Fuel Distribution System), approximately 315 feet east of AOC 633, is 11 

therefore presented. The stratigraphy at this location consists of silty, gravelly, medium to coarse 12 

sand overlying orgapjc silty clay. The silty clay upit was encountered near the total depth of tb.e 13 

boring, occurring below 10 ft bgs. Based on the hydrogeologic data gathered from FDS07B, the 14 

groundwater elevation at AOC 633 is approximately 4.5 ft msl. Shallow groundwater at AOC 633 15 

flows generally to the north in the direction of the Cooper River. 16 

10.2.2 Field Investigation Approach 17 

The objective of the field investigation at AOC 633 was to: (1) confirm the presence or absence 18 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 19 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 20 

the investigation area included soil and sediment. Section 3 of this report details the methods used 21 

during the field investigation. Included in this section are descriptions the hand-auger procedures 22 

used for soil sampling; sediment sampling procedures; and miscellaneous procedures used during 23 

the field investigation. Also discussed are the analytical protocols for sample analyses. 24 

10.2.1 



, 



10.2.3 Soil Sampling and Analysis 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site Specific Evaluatiorr..s 
Revision: 0 

The approved final RFI work plan proposed advancing seven soil borings within the AOC 633 2 

area to detect the presence of any soil contamination from this site. Upper and lower interval soil 3 

samples were proposed from each boring. Ten soil borings were advanced during the field 4 

investigation, as depicted in Figure 10.2-1. Five borings included both soil sampling intervals, 5 

while two included the upper interval only. Where not collected, the lower interval sample was 6 

deleted due to obstructions in the borehole, or because of a shallow water table. Three second- 7 

round soil borings were advanced to delineate PCB exceedances identified during the initial 8 

sampling round. Upper and lower interval samples were collected at all three second-round 9 

borings. In accordance with the approved final RFI work plan, all first-round soil samples from 10 

AOC 633 were analyzed for pesticide and PCB constituents at DQO Level ill. Second-round II 

samples were also sampled for pesticides and PCBs. Table 10.2.1 summarizes the AOC 633 soil 12 

samples and analyses. 13 

10.2.3.1 Nature of Contamination in Soil 14 

Pesticide and PCB analytical results for soil are summarized in Table 10.2.2. Table 10.2.3 15 

summarizes all analytes detected in soil at AOC 633. Appendix D contains a complete analytical 16 

data report for all Zone G samples. 17 

Pesticides and PCBs in Soil 18 

Six pesticides were detected in AOC 633 surface soil samples. Five pesticides were detected in 19 

AOC 633 subsurface soil samples. No surface or subsurface soil pesticide concentrations 20 

exceeded a respective RBC or SSL. 21 

Aroclor-1260 was detected in the surface and subsurface soil at concentrations above the RBC/SSL 22 

at AOC 633. Figure 10.2-2 presents Aroclor-1260 concentrations detected in surface soil. 23 

Figure 10.2-3 presents Aroc1or-1260 concentrations detected in subsurface soil. 24 

10.2.3 



Zone G RCRA Facility lnvesligation Report 
NA VBASE Charleston 

Section 10 - .~jtp .f;:np,.jfi,. H'lInl,lflf;/uH' ........ ... y ....... J ..... "-'~ .............. v .... 

Revision: 0 

Tabl. 10.2.1 
Zone G 

AOC 633 
Soil Samples and Analyses 

Boring Sample Sample Date 
Location Identifier Interval Collected Anal;rses Remarks 

633SBOOI 6338BOOIOI Upper 10/02196 5ec note 
6338BOO202 Lower 

633SBOO2 633SB00201 Upper 10/02/96 See nole 
6335BOO202 Lower 

6335B003 6335800301 Upper 10/02/96 See rune 
6335800302 Lower 

633SBOO4 6335BOO401 Upper 10/02/96 See note 
633SBOO402 Lower 

633SBOOS 633SB00501 Upper 10/02/96 See note Lower interval not sampled 

633SBOO6 6335BOO601 Upper 10/02/96 See note Lower interval not sampled 

6335B007 6335B00701 Upper 10/02196 5ee note 
633S800702 lower 

633SB008 633SB00801 Upper 1107/97 See note Second-round sample 
633SB00802 Lower 

633SBOO9 6338B00901 Upper 1107197 See note Second-round Sartlple 
6338BOO902 Lower 

633SBOIO 6345BOl001 Upper 1/07/97 See note Second-round sample 
6345BOl002 Lower 

Note: 
SW-846 (Pesticides/PCBs) at DQO Level Ill. 

10.2.4 
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10.2.4 Sediment Sampling and Analysis 

Zone G RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10 -Site Specific Evaluations 
Revision: 0 

The approved final RFI work plan proposed collecting six sediment samples to identify 2 

contaminants introduced to AEC IV-l from AOC 633 and also from two other nearby AOCs 3 

(AOCs 634 and 706). Six sediment samples were collected during the investigation. In 4 

accordance with the approved [mal RFI work plan, sediment samples were analyzed for 5 

pesticides/PCBs at DQO Level ill. In addition, sediment samples were analyzed for metals, 6 

SVOCs, and VOCs at DQO Level ill. Table 10.2.4 summarizes the AOC 633 sediment samples 7 

~~~. 8 

Table 10.2.4 
ZoneG 

AOC 633 
Sediment Samplcs and Analyses 

Sample Sample Date 
Location Identifier Collected Analyses Remarks 

633MOOOI 633MOOOHll ~126196 S .. note 

633MOOO2 633MOOO201 9/26/96 See note 

633MIJOOS. 633MOOOlOl 9/26196 See note 

633MOOO4 633MOOO401 9/26/96 See note 

633MOOO5 633MOOOSOI 9126196 See DOte 

633MOOO6 633MOOO601 9126/96 See note 

Note: 
SW-846 (metals, pesticides/PCBs, SVOCs, VOCs) at DQO Level nI. 

10.2.4.1 Nature of Contamination in Sediment 

Organic compound analytical results for sediment are summarized in Table 10.2.5. Inorganic 2 

analytical results for sediment are summarized in Table 10.2.6. Table 10.2.7 summarizes all 3 

analytes detected in sediment at AOC 633. Appendix D contains a complete analytical data report 4 

for all Zone G samples. Section 8 discusses the ecological risk from these detections. 5 
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Table 10.2.5 
ZooeG 

AOC 633 
Organic: Analytical Results for Sediment 

Frequency Range of Meanor Number of 
of Detections Detections SSVs Samples 

Parameters Detection (jlglkg) (jlglkg) (jlglkg) Exceeding SSVs 

Volatile Orgaoic Compounds (6 Samples) (JJglkg) 

2·Butu1one (MEK) 116 20.0 20.0 NL NA 

Carbon disulfide 116 11.0 11.0 NL NA 

Semivolatile Orgaoic Compounds (6 Samples) (JJglkg) 

BEQsl 316 14.7· 178 79.4 NL NA 

Beozo(a)anthracene 316 60 • 180 137 330 0 

Benzo(b)fluonmthene 316 78·310 213 NL NA 

Benzo(k)fluoranthene 216 77·200 139 NL NA 

Benzo(a)pyrene 116 130 130 330 0 

Chrysene 316 91 ·260 200 330 0 

A1IIhracene 116 60.0 60.0 330 0 

BenzOiC acid 116 79.0 79.0 NL NA 

BUlYlbenzylphthalate 116 63.0 63.0 NL NA 

bi,(2·Ethylhexyl)phtha1ate 116 3400 3400 182 

l'luoran!beue 316 100· 410 280 330 2 

2·Methylnaphthalene 116 92.0 92.0 330 NA 

Phenanthrene 2/6 100.270 185 330 0 

Pyrene 316 120·650 390 330 2 

Pesticides and PCBs (6 Sam~les~ ~~kG) 

alpha-Chlordane 216 5.10·86.0 45.6 1.7 2 

gamma-Chlordane 216 9.10·130 69.6 1.7 2 

4,4'·DDD 316 12.0·18.0 14.7 3.3 3 

4,4'·DDE 416 8.10·34.0 21.0 3.3 4 

4,4'·DDT 116 16.0 16.0 3.3 

Aroclor-1260 116 270 270 33 
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1 Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health Risk Assessment. Bulletin 
2 (USEPA, 1995c). 

p:g/kg Micrograms per kilogram. 
NL Not listed. 
NA Not available. 
SSV Sediment Screening Value. 
SSVs from Supplemental Guidance to RAGS: Region IV Bulletins. Ecological Risk Assessment, Bulletin 2 (USEPA, 1995a), 
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Table 10.2.6 
ZoneG 

AOC 633 
Inorganics Analytical Results for Sediment 

Frequency Range of Mean of Number of 
of Detections Detections SSVs Samples 

Parameters Detection (mg/kg) (mg/kg) (mg/kg) Exceeding SSVs 

Inorganics (6 Samples) 

AlulIlillUm (AI) 616 8850 - 34500 21400 Nt 0 

Antimony (Sb) 2/6 0.95 - 23.5 12.2 12 

Arsenic (As) 616 4.90·25.3 15.8 7.24 5 

Barium (Sa) 6/6 19.3 - 317 96.5 Nt NA 

Beryllium (Be) 516 0.53 - 1.60 1.16 Nt NA 

Cadmium (Cd) 4/6 0.39 - 4.90 1.92 1.0 3 

Calcimn (Cal 616 2120 - 43700 22700 Nt NA 

Chromium (er) 6/6 13.0 - 61. 7 42.2 52.3 3 

Cobalt (Co) 616 0.77 - 9.10 5.53 Nt NA 

Copper (Cu) 516 34.4 - 1220 320 18.7 5 

Iron (Fe) 616 8300 - 39100 2S4OO Nt NA 

Lead (Pb) 6/6 6.90 - 393 153 30.2 5 

Magnesium (Mg) 616 394 - 6440 3170 Nt NA 

Manganese (Mu) 6/6 16.0 -710 333 NL NA 

Mer<;ury (Hg) 516 0.27 - 1.000 0.51 0.1) 5 

Nickel (Ni) 5/6 17.1 - 47.6 24.8 15.9 5 

Potassium (K) 6/6 300 - 2810 1590 NL NA 

Selenium (Se) 6/6 0.47 - 1.50 1.09 NL NA 

Silver (Ag) 2/6 0.73 - 0.95 0.84 2.0 0 

Sodium (Na) 3/6 1990 - 4030 2820 NL NA 

Tin (Sn) 116 52.8 52.8 Nt NA 

Vanadtum (V) 6/6 21.5 - 77.0 52.8 NL NA 

Zinc (Zn) 516 140 - 3260 832 124 5 
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Notes: 
mg/kg Milligrams per kilogram. 
NL Not listed. 
NA Not available. 
SSV Sediment Screening Value. 
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SSVs from Supplemental Guidance to RAGs: Region N Bulletins. Ecological Risk Assessment, Bulletin 2 (USEPA, 1995a), 
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Parameters 

Volatile Organic Compounds (I.lglkg) 

Carbon disulfide 

2-ButanollC-

Semivolatlle Organic Compounds (Ltg/kg) 

BEQs' 

Benzo(a)anthracene 

Benzo(b)fluoranti1ene 

Benzo(k)fluoranthene 

Benzo(a)pyrerte 

Chrysene 

Anth.racene 

Benzoic acid 

bls(2-ethylhexyl)phthalate 

FJuQrantbene 

2-Methylnaphthalene 

Phenanthrene 

Pyrene 

Pesticides (j.lglkg) 

alpha-Chlordane 

Table 10.2.7 
ZoneG 

AOC 633 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section IO - Site Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Location 

633MOOO3 

~33MOOO4 

~33MOOO2 
633MOOO3 
633MOOO6 

633MOOO2 
633MOOO3 
633MOOO6 

633MOOO2 
~33MOOO3 

633MOOO6 

633MOOO3 
633MOOO6 

633MOOO2 

633MOOO2 
633MOOO3 
633MOOO6 

633MOOO2 

633MOOO2 

633MOOO2 

633MOOO3 

633MOOO2 
633MOOO3 
633MOOO6 

633MOOO6 

633MOOO2 
633MOOO6 

633MOOO2 
633MOOO3 
633MOOO6 

633MOOO2 
633MOOO6 

10.2.15 

Concentration 

II 

2() 

128.26 
45.15 
14.66 

170 
180 
60 

3W 
250 
78 

200 
77 

130 

260 
250 

91 

60 

79 

63 

3400 

410 
330 
100 

92 

270 
100 

400 
650 
120 

86 
5.1 

SSVs 

NL 

NL 

NL 

330 

NL 

NL 

330 

330 

330 

NL 

NL 

182 

330 

330 

330 

330 

1.7 



Parameters 

gamma-Chlordane 

4,4··DDD 

4,4··DDE 

4,4'-DDT 

Aroclor-1260 

Inorganics (mg/kg) 

Aluminum (AI) 

Antimony (Sh) 

Arsenic (As) 

Barium (9a) 

Beryllium (Be) 

Cadmium (Cd) 

Table 10.2.7 
ZoneG 

AOC 633 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluntions 
Revision: 0 

Analytes Detected in Sediment Samples 

Location Concentration SSVs 

633MOOO2 130 1.7 
633MOOO6 9.1 

li33MOOO2 18 3.3 
633MOOOS 12 
633MOOO6 14 

633MOOO2 29 3.3 
633MOOO3 13 
633MOOO5 8.1 
633MOOO6 34 

633MOOO5 16 3.3 

633MOOO5 270 33 

633MOOOI 9010 NL 
633MOOO2 24300 
633MOOO3 26100 
633MOOO4 34500 
633MOOO5 25900 
633MOOO6 8850 

633MOOO2 <1.95 J2 
633MOOOS 23.5 

633MOOOI 4.9 7.24 
633MOOO2 13.3 
633MOOO3 22.7 
633MOOO4 25.3 
633MOOO5 19.2 
633MOOOG n, , .• 
633MOOOI J9.3 NL 
633MOOO2 59.8 
633MOOO3 91.2 
633MOOO4 54.3 
633MOOO5 317 
633MOOO6 37.1 

633MOOO2 0.89 NL 
633MOOO3 1.4 
633MOOO4 1.6 
633MOOO5 1.4 
633MOOO6 0.53 

633MOOO2 1.1 1.0 
633MOOO3 1.3 
633MOOO5 4.9 
633MOOO6 0.39 
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Parameters 

Calcium (Ca) 

Chromium (Cr) 

Cobalt (Co) 

Copper (CU) 

Iron (Fe) 

Lead (Pb) 

Magnesium (Mg) 

Table 10.2.7 
Zone G 

AOC 633 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Location Concentration SSVs 

633MOOOI 2120 NL 
633MOOO2 25900 
633MOOO3 36900 
633MOOO4 15000 
633MOOO5 12700 
633MOOO6 43700 

633MOOOJ 13 52.3 
633MOOO2 41.6 
633MOOO3 57.2 
633MOOO4 54.1 
633MOOO5 61.7 
633MOOO6 19.8 

633MOOOI 0.77 NL 
633MOOO2 4.8 
633MOOO3 8.0 
633MOOO4 7.8 
633MOOO5 9.1 
633MOOO6 2.7 

633MOOOZ 120 18.7 
633MOOO3 80.7 
633MOOO4 34.4 
633MOOO5 1220 
633MOOO6 143 

633MOOOI 10100 NL 
633MOOO2 25100 
633MOOO3 31500 
633MOOO4 38400 
633MOOO5 39100 
633MOOO6 8300 

633MOOOI 6.9 30.2 
633MOOO2 182 
633MOOO3 203 
633MOOO4 51.7 
f)33MOOO5 393 
633MOOO6 75.6 

633MOOO I 394 NL 
633MOOOZ 3320 
633MOOO3 5990 
633MOOO4 6440 
633MOOO5 4930 
633MOOO6 1530 
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Parameters 

Manganese (Mn) 

Mercury (Hg) 

Nickel (Ni) 

PotassIUm (K) 

Selenium (Se) 

Silver (Ag) 

Sodium (Na) 

Tin (Sn) 

Vanadium (V) 

Table 10.2.7 
ZoneG 

AOC 633 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Location Concentration SSVs 

633MOOOl 16 NL 
633MOOO2 170 
633MOOO3 432 
633MOOO4 492 
633MOOOS 710 
633MOOO6 178 

633MOOO2 0.57 0.13 
633MOOO3 0.37 
633MOOO4 0.27 
633MOOO5 1.0 
633MOOO6 0.34 

633MOOO2 17.1 15.9 
633MOOO3 2U 
633MOOO4 20.4 
633MOOO5 47.6 
633MOOO6 17.2 

633MOOOI 300 NL 
633MOOO2 1480 
633MOOO3 2450 
633MOOO4 2810 
633MOOO5 1960 
633MOOO6 547 

633MOOOI 0.47 NL 
633MOOO2 1.4 
633MOOO3 1.4 
633MOOO4 1.5 
633MOOOS 1.3 
633MOOO6 0.48 

633MOOO2 0.73 2.0 
633MOOO5 0.95 

633MOOO2 1990 NL 
633MOOO3 4030 
633MOOO4 2450 

633MOOO5 52.8 NL 

633MOOOl 21.5 NL 
633MOOO2 64.5 
633MOOO3 6~.2 

633MOOO4 77.0 
633MOOO5 62.8 
633MOOO6 21.8 
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Table 10.2.7 
ZoneG 

AOe 633 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section IO - Site Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Parameters Location Concentration SSVs 

Zinc (Zn) 633MOOO2 312 124 
633MOOO3 279 
633MOOO4 140 
633MOOO5 3260 
633MOOO6 167 

Notes: 
1 Calculated from methods described in USEPA Interim Supp/emenJaJ Guidance to RAGS: Human Health Risk Assessment, Bulletin 2 

(USEPA. 1995c). 
j.lg/kg Micrograms per kilogram. 
SSV Sediment Screening Value. 
Bolded concentrations exceed the SSV. 
SSVs from Supplemental Guidance to RAGS: Region N Bulletins. Ecological Risk Assessment, Bulletin 2 (USEPA, 1995a). 

Volatile Organic Compounds in Sediment 

Two VOCs, 2-butanone, and carbon disulfide, were detected in AOC 633 sediment samples. No 2 

VOCs in sediment exceeded their respective sediment screening values (SSVs). 3 

Semivolatile Organic Compounds in Sediment 4 

Thirteen SVOCs were detected in AOC 633 sediment samples. Bis(2-ethylhexyl)phthalate, 5 

fluoranthene and pyrene exceeded their respective SSVs in sediment samples at this AOC. 6 

Figure 10.2-4 presents bis(2-ethylhexyl)phthalate concentrations detected in sediment at AOC 643. 7 

Figure 10.2-5 presents fluoranthene concentrations detected in sediment at this AOC. 8 

Figure 10.2-6 presents pyrene concentrations detected in sediment at this AOC. 9 

Pesticides and PCBs in Sediment 10 

Five pesticides were detected in AOC 633 sediment samples. All pesticides detected exceeded II 

their respective SSV. Figures 10.2-7 through 10.2-11 present alpha-chlordane, gamma-chlordane, 12 

4,4'-DDD, 4,4'-DDE, and 4,4'DDT concentrations in AOC 633 sediment samples, respectively. 13 

10.2.19 
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Aroclor-1260 was also detected in AOC 633 sediments, at a concentration exceeding the SSV for 

this parameter. Figure 10.2-12 presents Aroclor-1260 concentrations in AOC 633 sediment 2 

samples. 3 

Inorganic Elements in Sediment 4 

Twenty-three metals were detected in AOC 633 sediment samples. Concentrations of nine metals 5 

detected exceeded their respective SSVs. Figures 10.2-13 through 10.2-21 present antimony, 6 

arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc concentrations in AOC 633 7 

sedi..'!1ent samples, respectively. 8 

10.2.5 Fate and Transport Assessment 9 

AOC 633 is the electrical substation near Building 451C. Several large PCB releases have been 10 

documented from the site. Environmental media sampled as part of the AOC 633 investigation 11 

include surface soil, subsurface soil, and sediment. Potential constituent migration pathways 12 

investigated include soil-to-groundwater, surface soil-to-sediment, and emission of volatiles from 13 

surface soil to air. 14 

10.2.5.1 Soil-to-Groundwater Cross-Media Transport 15 

Table 10.2.8 compares maximum detected organic constituent concentrations in surface soH and 16 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 17 

To provide a conservative screen, generic soil screening levels are used; leachate entering the 18 

aquifer is assumed to be diluted by a ratio of 20: 1, with no attenuation of constituents in soil 19 

(DAF=20). 20 

One organic - Aroclor-1260 - was detected above screening levels in subsurface soil from a 21 

single sampling location (633SBOO7). There were no exceedances in surface soil. This PCB was 22 

lO.2.28 
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Table 10 28 
Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels. and Background Concentrations 
N A VBASE Charleston. Zone G AOC 633 
Charleston. South Carolina 

Max. Concentration Max Concentration Screening Concentration· 
Soil to Saltwater 

Surface Subsurface Shallow Deep GW Tap Water Surf Wtr SOIl Water 
Parameter Soil Soil GW GW SSL RBe Chronic Units Umts 

PC3ticidcs/PCB CompouDd3 
Aroclor-1260 480 25000 NA NA 1000 0.034 003 UO/I(G uon. 
alpha-Chlordane 450 8.7 NA NA 10000 019 0004 UO/I(G uon. 
gamma-Chlordane 420 93 NA NA 10000 0.19 0.004 UO/I(G UClA. 

,4'-00D 68 67 NA NA 16000 028 0025 UO/I(G Uill. 

,4'-DOE 58 53 NA NA 54000 0.2 0.14 UO/I(G Uill. 

,4'-DDT 30 740 NA NA 32000 0.2 0.001 UO/I(G Uill. 

Heptachlor epoxide 19 ND NA NA 700 00012 0.0036 UO/I(G UGA. 

• Screening Concentrations: 
Soil to GW - Generic SSLs based on OAF = 20, from 1996 Soil Screening Guidance or calculated using vaJues from Table 6.4 
Tap Water RBC - From EPA Region III Risk-Based Concentration Table, October 22, 1997 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region IV Bulletins. Ecological Risk Assessment, November. 1995, Table 2 
For inorganics, the value shown is the greater oftbe relevant screening value or the corresponding background value. 

NA - Not availableINot applicable 
ND - Not detected 
RBC - Risk based concentration 
SSL - Soil screening level 
MGIKG - Milligrams per kilogram 
NGIKG - Nanograms per kilogram 
PGIL - Picograms per liter 
UGIKG - Micrograms per kilogram 
UGIL - Micrograms per liter 
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detected in 3 of 10 surface soil samples, and in 2 of 8 subsurface soil samples. Notably, within 

the context of individual locations, the surface soil detections were not repeated in the subsurface, 2 

nor were the subsurface detections accompanied by surface detections. The presence of 3 

Aroc1or-1260 is consistent with site history (accidental release from electrical transformers), as 4 

PCBs were commonly used as a primary ingredient of transformer coolant oil. The vertical 5 

distribution of this PCB is somewhat enigmatic in that residuals from surface releases typically 6 

occur in the upper soil column as released fluids are adsorbed by soil media. The presence of 7 

PCBs in the subsurface at two locations, without accompanying surface residual, is likely 8 

indicative of the lateral dispersion of a release away from the release point in the subsurface. This 9 

is a reasonable scenario in that accidental releases were probably of low volume and encompassed \0 

very small surface areas. The spatial occurrence of PCB detections, in conjunction with the 11 

limited occurrence of only one exceedance, indicates that significant residual mass of this 12 

contaminant is present at the site. However, what mass is there is at concentrations that may 13 

provide a threat to groundwater through leaching, and therefore the soil-to-groundwater pathway 14 

does have validity as a contributor to overall risk. The groundwater use pathway is invalid due 15 

to non-use of the resource. However, migration of groundwater-to-surface water may have 16 

validity, given the proximal occurrence of a wetland downslope of AOC 633. 17 

10.2.5.2 Soil-to-Sediment Cross-Media Transport 18 

Table 10.2.7 lists the analytes detected in sediment samples collected as part of the AOC 633 19 

investigation. Sediments are associated with stormwater drainage paths which feed into a wetland 20 

complex immediately south of AOC 634. Given the nature of these pathways and their spatial 21 

occurrence, they are subject to potential contamination from a broad area in Zone G which 22 

encompasses several AOCs. With limited sampling and potential provenance from several 23 

sources, it is difficult and in most cases conjectural to define trends in contaminants and attribute 24 

causality to those trends. Additionally, the most important factor to a discussion of these sediments 25 

is the risk posed to potential receptors. Consequently, this discussion will be limited to only the 26 
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most obvious chemical features of the data, and the consequent risk is evaluated in the ERA, 

Section 8. 2 

Sediment locations 633MOOOl and 633MOOO2 are in closest proximity to AOC 633, with locations 3 

633MOOO3 and 633MOOO4 downslope several hundred feet. Locations 633MOOO5 and 633MOOO6 4 

are clearly associated with other sites in Zone G. Location 633MOOOl had no detections of organic 5 

compounds, while 633MOOO2 had detections of PARs and pesticides. The pesticides detected 6 

were similar to, and at lower concentrations than those that were present in AOC 633 surface soil. 7 

Based on empirical data and non-detects for locations 633MOOO3 and 633MOO04, the overall 8 

concentrations of these pesticides decrease downslope. Locations 633MOO03 and 633M0OO4 9 

exhibited detections ofVOCs, while PARs were limited to 633MOOO2 and 633MOOO3. Inorganic 10 

detections were common in sediments as in soil; location 633MOOOl typically had lower overall II 

concentrations, while concentrations at location 633MOOO2 were primarily consistent with 12 

633MOOO3 and 633MOOO4, revealing no consistent discernable trends. The presence of organics 13 

and inorganic constituents is inextricably linked to stormwater drainage. AOC 633 surface soil 14 

could have conceivably sourced the pesticides in sediments, but it is most likely that there 15 

detections represent residuals from routine pesticide application around and near the drainage paths 16 

themselves. The presence of VOCs in 633MOOO3 and 633MOOO4 at low concentrations is 17 

somewhat suspect, but the sediment in the drainage system would naturally be expected to 18 

immobilize PARs, pesticides and PCBs (large high molecular weight compounds with a high 19 

affinity for adsorption to organic material) and metals (strong electropositive affinity for oxidation, 20 

hydroxide precipitation, and adsorption to both organic and inorganic material). Stormwater 21 

runoff not directly associated with an AOC could reasonably be expected to contain pesticides 22 

(residual from routine application), PARs (associated with asphalt pavement) and metals (present 23 

in pesticides and roadway runoff, and naturally occurring in native soil that becomes entrained in 24 

stormwater). As a result, attribution of sediment constituents to a particular AOC is problematic 25 

and in this case not wholly correct without additional data. 26 
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AOC 633 soil samples were not analyzed for volatiles, therefore this pathway cannot be validated. 2 

10.2.5.4 Fate and Transport Summary 3 

One organic (Aroclor-1260) was present in subsurface soil above SSLs, while none were present 4 

in surface soil above SSLs. PCB detections in surface soil were not repeated in the subsurface at 5 

individual locations, nor were subsurface detections accompanied by surface detections. The 6 

presence of PCBs is consistent with the site history, while the vertical distribution is consistent 7 

with small accidental releases and subsequent soil removal activities. The limited occurrence of 8 

exceedances indicates that a significant mass of residual is not present at the site, but 9 

concentrations are such that the soil-to-groundwater pathway has some merit. 10 

Correlation of sediment results with AOC 633 surface soil results is problematic in that a large 11 

portion of the sediment load is probably derived from storrnwater runoff, and sampling locations 12 

are widely separated and are downgradient of other Zone G sites. Pesticides were common 13 

detections between AOC 633 surface soil and a proximal sediment sample, and concentrations of 14 

pesticides trend downward downslope from AOC 633. Whether sediment pesticides detections 15 

are clearly attributable to AOC 633 or to residual from application around and near the drainage 16 

ditches themselves is not discernable. Inorganics were also commonly detected in sediments, with 17 

no definable consistent trends. Given the chemical nature of pesticides, PARs, and metals, it can [8 

reasonably be expected that they will be innnobilized by and within sediment, outside of physical [9 

sediment transport downslope. Because of this and the clear problem of source attribution, the 20 

evaluation of sediment results should be focused on the consequent risk to ecological receptors 2[ 

they present. This is presented in the ERA for Zone G contained in Section 8. The soil-to-air 22 

volatilization pathway at this AOC is unsubstantiated by the data and is considered invalid. 23 
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10.2.6.1 Site Background and Investigative Approach 2 

AOC 633 is the electrical substation near Building 451C. Several large PCB releases have been 3 

documented at this site. 4 

Ten soil borings were advanced to identify potential impacts resulting from the activities listed 5 

above. Surface soil samples from all ten boring locations were used to quantitatively assess the 6 

direct contact soil exposure pathways. Contaminants associated with subsurface soil were 7 

addressed in the previous section, Fate and Transport Assessment. Six sediment samples were 8 

collected from the drainage paths located south of Building 451C. Section 10.2.3 summarizes the 9 

sampling effort for AOC 633 soil. 10 

10.2.6.2 COPC Identification 11 

~ 12 

Based on the screening comparisons described in Section 7 of this RFI and presented in 13 

Table 10.2.9, Arocior-1260 was identified as a COPC in surface soil. 14 

Aroclor-1260 was also detected in one of six sediment samples, however, its maximum sediment 15 

concentration (270 /lg/kg) did not exceed its residential RBC (320 /lg/kg). 

10.2.6.3 Exposure Assessment 

Exposure Setting 

16 

17 

18 

AOC 633 is in an urban setting on the fonner naval base, located near the comer of Viaduct Road 19 

and Hobson Avenue. An area of open field is located to the south of the site with two drainage 20 

paths which direct runoff south of the site. 21 

10.2.43 
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Potentially Exposed Populations 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

Potentially exposed populations are current and future site workers, hypothetical future site 2 

residents, and/or adolescent site trespassers. Future site resident and worker exposure scenarios 3 

were addressed quantitatively in this risk assessment. The future site resident scenario was built 4 

on the premise that existing features would be removed and replaced with dwellings. Current 5 

exposure to workers is discussed qualitatively in relation to the future workers; and current 6 

adolescent trespassers are addressed qualitatively in relation to future site child residents. The 7 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 8 

Current site workers' exposure would be less than that assumed for the hypothetical future site 9 

worker scenario because of their limited soil contact. Therefore, future worker assessment is 10 

considered to be conservatively representative of current site users. Similarly, the future site II 

residential scenario is considered conservatively representative of the current trespasser. 12 

Exposure Pathways 13 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 14 

ingestion of surface soils. The exposure pathways for future site workers are the same as those for 15 

the future site residents. For the soil pathways, uniform exposure was assumed for all sample 16 

locations. Table 10.2.10 presents the justification for exposure pathways assessed in this HHRA. 17 

Exposure Point Concentrations 18 

The exposure point concentration was set equal to the 95 % VCL as described in Section 7 of this 19 

RFI and summarized on Table 10.2.11. 20 

Quantification of Exposure 21 

~ n 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.2.12 and 10.2.13, 23 

respectively. 24 

10.2.45 



Potentially Exposed 
Population 

Current Land Uses 

CUttttit Users (Site 
Worke,rrrespasset) 

Future Land Uses 

Future Site Residents, 
Site WDrkClr~ Trespasser 

Table 10.2.10 
ZoneG 

AOC 633 
Exposure Pathways Summary 

Mediwn and Exposure 
Pathway 

Air. _don Of gaseous _IS ellllUJatinjl from 
.soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

SbaIIOW gtoUtldwater. 
lrtgeslion Or co_ 
during potsbJe Ot g<nenll use 

Shallow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil, Incidental ingestion 

Soil, Dermal contact 

Air. lnhaIafion of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

Sballow grouIldwatec. 
~~ofc~n~ 

during potable -or general use-

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

Soil, Incidental ingestion 

Soil, Dermal contact 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contamination 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

Pathway Selected for 
Evaluation? 

No 

No 

No 

No 

No (Qualified) 

No (Qualified) 

No 

No 

No 

No 

Yes 

Yes 

No 

No 

10.2.46 

Zone G ReRA Facility Investigation Report 
NA YBASE Charleston 

Section IO - Site Specific EvaluaJions 
Revision: 0 

Reason for Selection or Exclusion 

Fare and tranSp<>tt seteelliJig did not identify any 
COPCs for this indirect O>posnre pathway. 

ntis exposure pathway was considered 
insignificant compared to the other pathways. 

Sballow gtoUtldWatet I, not ....... ruiy used .s a 
sowoe of potable or l!Olt-teaidentla! Water at AOC 
633. 

Shallow groundwater is not currently used as a 
source of potable or non-residential water at AOe 
633. 

Furore site use is considered conservatively 
reptesentative of cut:teDt site use. 

Furore site use is considered conservatively 
representative of current site use. 

Fate and transport screening did nat identify any 
copes for Utis indirect exposure pathway. 

This exposure pathway was considered 
insignificant compared to the other pathways. 

Fate and transport screening- did not identify any 
COFes for this indirect exposure pathway. 

Fate and transport screening did not identify any 
COPCs for this indirect exposure pathway. 

copes were- identified subsequent to risk-based 
and background screening comparisons. 

COPCs were identified subsequent to risk-based 
and background screening comparisons. 

Hunting/taking -of game and/or raising livestock is 
prohibited within the Charleston, South Carolina 
city limits. 

The potential for significant exposure via this 
pathway is low relative to that of other exposure 
pathways assessed. 



T
ab

le
 1

0.
2.

11
 

S
um

m
ar

y 
o

f 
S

ta
ti

st
ic

al
 A

na
ly

si
s 

S
ur

fa
ce

 S
oi

l 
C

O
P

C
s;

 A
O

C
 6

33
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 
N

at
ur

al
 L

og
 T

ra
ns

fo
rm

ed
 

C
O

P
C

 
n 

m
ea

n 
SD

 
V

C
L

 
H

 -s
ta

t 
(m

gl
kg

) 

P
es

ti
ci

de
sl

P
C

B
s 

A
ro

cl
or

-1
26

0 
10

 
-2

.8
99

 
0.

81
8 

2.
74

5 

N
O

T
E

S
: 

m
ea

n 
A

ri
th

m
et

ic
 m

ea
n 

o
f t

he
 l

og
tr

an
sf

or
m

ed
 d

at
a 

n 
N

um
be

r 
o

f s
am

pl
es

 a
na

ly
ze

d 
SD

 S
ta

nd
ar

d 
de

vi
at

io
n 

fo
r 

a 
sa

m
pl

e 
o

f d
at

a 

0.
16

 

M
A

X
 

E
P

C
 

(m
gl

kg
) 

(m
gl

kg
) 

0.
48

 
0.

16
 V

C
L

 

H
-s

ta
t 

"H
" 

st
at

is
ti

c 
fr

om
 G

il
be

rt
 1

98
7;

 c
ub

oi
da

l 
in

te
rp

ol
at

io
n 

w
as

 u
se

d 
to

 d
et

er
m

in
e 

th
e 

va
lu

e 
in

 
ac

co
rd

an
ce

 w
it

h 
V

S
E

P
A

 S
up

pl
em

en
ta

l G
ui

da
nc

e 
to

 R
A

G
S

, C
al

cu
la

ti
ng

 th
e 

C
on

ce
nt

ra
ti

on
 T

er
m

 
N

A
 N

ot
 a

pp
li

ca
bl

e 
E

P
C

 E
xp

os
ur

e 
po

in
t c

on
ce

nt
ra

ti
on

 
V

C
L

 9
5 

pe
rc

en
ti

le
 u

pp
er

 c
on

fi
de

nc
e 

le
ve

l m
ea

n 
M

A
X

 M
ax

im
um

 r
ep

or
te

d 
co

nc
en

tr
at

io
n 



T
ab

le
 1

0.
2.

12
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

In
ci

de
nt

al
 I

ng
es

ti
on

 o
f S

ur
fa

ce
 S

oi
l 

A
O

C
 6

33
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

C
he

m
ic

al
 P

es
ti

ci
de

sl
P

C
B

s 
A

ro
cl

or
-1

26
0 

N
O

T
E

S:
 

F
ra

ct
io

n 
In

ge
st

ed
 f

ro
m

 
C

on
ta

m
in

at
ed

 
S

ou
rc

e 
* 

1 

E
xp

os
ur

e 
P

oi
nt

 
C

on
ce

nt
ra

ti
on

 
(m

gl
kg

) 0.
16

 

F
ut

ur
e 

F
ut

ur
e 

F
ut

ur
e 

F
ut

ur
e 

R
es

id
en

t a
du

lt
 R

es
id

en
t c

hi
ld

 
R

es
id

en
t 

lw
a 

W
or

ke
r 

ad
ul

t 
H

-C
D

I 
H

-C
D

I 
C

-C
D

I 
H

-C
D

I 
(m

gl
kg

-d
ay

) 
(m

gl
kg

-d
ay

) 
(m

gl
kg

-d
ay

) 
(m

gl
kg

-d
ay

) 

2.
2E

-0
7 

2.
1E

-0
6 

2.
S

E
-0

7 
S.

O
E-

O
S 

lw
a 

L
if

et
im

e 
w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 c

ar
ci

no
ge

ni
c 

C
D

I,
 R

A
G

S
 P

ar
ts

 A
 a

nd
 B

 
C

D
I 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

e 
in

 m
gl

kg
-d

ay
 

H
-C

D
I 

C
D

I 
fo

r 
ha

za
rd

 q
uo

ti
en

t 
C

-C
D

I 
C

D
I 

fo
r 

ex
ce

ss
 c

an
ce

r 
ri

sk
 

* 
R

ef
le

ct
s 

th
e 

es
ti

m
at

ed
 f

ra
ct

io
n 

o
f t

he
 s

it
e 

im
pa

ct
ed

 b
y 

th
e 

co
rr

es
po

nd
in

g 
C

O
P

C
. 

F
ut

ur
e 

W
or

ke
r 

ad
ul

t 
C

-C
D

I 
(m

gl
kg

-d
ay

) 

2.
SE

-O
S 



T
ab

le
 1

0.
2.

13
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

D
er

m
al

 C
on

ta
ct

 w
it

h 
Su

rf
ac

e 
So

il 
A

O
C

6
3

3
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

C
he

m
ic

al
 P

es
ti

ci
de

sl
P

C
B

s 
A

ro
cl

or
-1

26
0 

N
O

T
E

S:
 

FI
IF

C
 •

 1 

E
xp

os
ur

e 
D

er
m

al
 

P
oi

nt
 

A
bs

or
pt

io
n 

C
on

ce
nt

ra
ti

on
 

F
ac

to
r 

(m
gl

kg
) 

(u
ni

tl
es

s)
 

0.
16

 
O.

oJ
 

C
D

! 
C

hr
on

ic
 D

ai
ly

 I
nt

ak
e 

in
 m

gl
kg

-d
ay

 
H

-C
D

! 
C

D
! 

fo
r 

ha
za

rd
 q

uo
ti

en
t 

C
-C

D
! 

C
D

! 
fo

r 
ex

ce
ss

 c
an

ce
r 

ri
sk

 

F
ut

ur
e 

F
ut

ur
e 

F
ut

ur
e 

R
es

id
en

t a
du

lt
 R

es
id

en
t 

ch
il

d 
R

es
id

en
t 

lw
a 

H
-C

D
! 

H
-C

D
! 

C
-C

D
! 

(m
g/

kg
-d

ay
) 

(m
gl

kg
-d

ay
) 

(m
gl

kg
-d

ay
) 

9.
 1

 E
-0

8 
3.

0E
-0

7 
S.

7E
-0

8 

• 
R

ef
le

ct
s 

th
e 

es
ti

m
at

ed
 f

ra
ct

io
n 

o
f t

he
 s

it
e 

im
pa

ct
ed

 b
y 

th
e 

co
rr

es
po

nd
in

g 
C

O
P

C
. 

-
T

he
 d

er
m

al
 a

bs
or

pt
io

n 
fa

ct
or

 w
as

 a
pp

li
ed

 to
 th

e 
ex

po
su

re
 p

oi
nt

 c
on

ce
nt

ra
ti

on
 

F
ut

ur
e 

W
or

ke
r 

ad
ul

t 
H

-C
D

! 
(m

gl
kg

-d
ay

) 

6.
5E

-0
8 

to
 r

ef
le

ct
 th

e 
ab

il
it

y 
fo

r 
tr

an
s-

de
rm

al
 m

ig
ra

ti
on

 o
f i

no
rg

an
ic

 a
nd

 o
rg

an
ic

 c
he

m
ic

al
s 

Fu
tu

re
 

W
or

ke
r 

ad
ul

t 
C

-C
D

! 
(m

gl
kg

-d
ay

) 

2.
3E

-0
8 



10.2.6.4 Toxicity Assessment 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.2.14 2 

presents toxicological information specific to the COPC identified at AOC 633. This information 3 

was used in the quantification of risk/hazard associated with the soil contaminants. A brief 4 

toxicological profile for Aroclor-1260, the only COPC, is provided in the following paragraph. 5 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 6 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 7 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 8 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 9 

Of the effects listed above, the liver is the primary target organ (Klaassen, et aI, 1986) (Dreisbach, 10 

et aI, 1987). USEPA classified PCB aroclors as group B2 probable human carcinogens, primarily 11 

based on animal data. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. The 12 

cancer potency of PCB mixtures is determined using a tiered approach. The high risk and 13 

persistence tier uses an upper-bound slope factor of 2.0 (mg/kg-dayJ1 and is appropriate for food 14 

chain exposures, sediment and soil ingestion, dust or aerosol inhalation, and dermal exposure. The 15 

low risk and persistence tier uses an upper-bound slope factor of 0.4 (mg/kg-day)"l and is 16 

appropriate for ingestion of water soluble congeners and inhalation of evaporated congeners. The 17 

lowest risk and persistence tier uses an upper-bound slope factor of 0.07 (mg/kg-day)"l and is 18 

appropriate for PCB congener mixtures with congeners having more than four chlorines 19 

comprising less than 112 % of the mixture. 20 

10.2.6.5 Risk Characterization 21 

Surface Soil Pathways 22 

Exposure to surface soil onsite was evaluated under residential and site worker scenarios. For 23 

these scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. 24 

10.2.50 
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Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

For noncarcinogenic contaminants evaluated for future site residents, hazard was computed 

separately to address child and adult exposure. Tables 10.2.15 and 10.2.16 present the computed 2 

carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal contact with 3 

site surface soils, respectively. 4 

Hypothetical Site Residents 5 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 633 surface 6 

soils is 5E-07. The dermal pathway ILCR is 2E-07. Risk under a residential scenario are 7 

considered a highly conservative estimate of the risk under a trespasser scenario. 8 

Hypothetical Site Workers 9 

Site worker ILCRs are 6E-08 for the ingestion pathway and 9E-08 for the dermal contact pathway. 10 

COCs Identified 11 

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site on 12 

a medium-specific basis. USEPA has established a generally acceptable risk range of lE-04 to 13 

lE-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 14 

considered to be any chemical contributing to a cumulative risk level of lE-06 or greater and/or 15 

a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 or whose hazard 16 

quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because a 17 

cumulative risk level of lE-04 (and individual ILCR of lE-06) is recommended by USEPA 18 

Region IV as the trigger for establishing COCs. The COC selection method presented was used 19 

in order to provide a more comprehensive evaluation of chemicals contributing to carcinogenic 20 

risk or noncarcinogenic hazard during the RGOs development process. Table 10.2.17 presents 21 

the COCs identified for AOC 633 surface soil. 22 

10.2.52 
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Surface Soils 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section IO - Site Specific EvalUillions 
Revision: 0 

Future Site Residents 2 

No COCs were identified based on the residential scenario. 3 

Future Site Workers 4 

No COCs were identified based on the site worker scenario. 5 

10.2.6.6 Risk Uncertainty 6 

Characterization of Exposure Setting and Identification of Exposure Pathways 7 

The potential for high bias is introduced through the exposure setting and pathway selection due 8 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 9 

Region IV when assessing potential future and current exposure. The exposure assumptions made 10 

in the site worker scenario are highly protective and would tend to overestimate exposure. 11 

Residential use of the site would not be expected, based on current site uses and the nature of 12 

surrounding buildings. If this area were to be used as a residential site, the surface soil conditions 13 

would likely change - the soils could be covered with landscaping soil and/or a house. 14 

Consequently, exposure to surface soil conditions as represented by samples collected during the 15 

CSI \-x/ould not be likely under a true future residential scenario. These factors indicate that 16 

exposure pathways assessed in this HHRA would generally overestimate the risk and hazard posed 17 

to current site workers and future site residents. 18 

Determination of Exposure Point Concentrations 19 

The exposure point concentration was set equal to the 95% UCL. Using the 95% UCL as the 20 

EPC represents a conservative assumption since it is unlikely that the 95 % UCL is exceeded by 21 

the true mean concentration. 2Z 

10.2.56 



Frequency of Detection and Spatial Distribution 

Zone G RCRA Facility Investigation Report 
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Revision: 0 

Aroclor-1260 was detected in three of ten surface soil samples and in only one surface soil sample 2 

at a concentration above its RBC. 3 

Quantification of RiskIHazard 4 

As indicated by tbe discussions above, tbe uncertainty inherent in tbe risk assessment process is 5 

great. In addition, many site-specific factors have affected tbe uncertainty of this assessment tbat 6 

would upwardly bias tbe risk and hazard estimates. Exposure patbway-specific sources of 7 

uncertainty are discussed below. 8 

Soil 9 

A conservative screening process was used to identify COPCs for AOC 633. The potential for 10 

eliminating CPSSs witb tbe potential for cumulative HI greater tban one was addressed for 11 

noncarcinogens through tbe use of RBCs tbat were reduced one order of magnitude. For 12 

carcinogens, tbe RBCs are based on a conservative target risk of lE-06. Use of conservative 13 

RBCs in combination witb tbe use of maximum detected concentrations minimizes tbe likelihood 14 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of tbe CPSSs screened 15 

and eliminated from formal assessment, none was reported at a concentration close to its RBC 16 

(e.g. witbin 10% of its RBC). 17 

SW-846 Pesticides and PCBs were tbe only parameters for which soil was analyzed. No risk 18 

assessment conclusions can be inferred regarding parameters tbat were not included as part of tbe [9 

CSI. 20 

10.2.6.7 Risk Summary 21 

The risk and hazard posed by contaminants at AOC 633 were assessed for future site workers and 22 

future site residents under RME assumptions. For surface soils, tbe incidental ingestion and 23 

10.2.57 
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dermal contact pathways were assessed in this HHRA. Table 10.2.18 presents the risk summary 

for each pathway/receptor group evaluated for AOe 633. 2 

Soil - Residential Scenario 3 

There were no residential soil pathway eoes identified for AOe 633. Table 10.2.19 summarizes 4 

the risk and hazard contribution of each cope at each sample location. These point risk estimates 5 

are based on the unlikely assumption that a potential future site resident will be chronically 6 

exposed to specific points. Exposure to surface soil conditions is more likely the result of uniform 7 

exposure to the soil conditionJ; of the entire site (or exposure unjt area) rather than specific points. 8 

With this in mind, point risk estimates are useful in that they allow the reader to visualize how 9 

chemicals driving risk estimates are distributed across the site. Figure 10.2-22 presents the point 10 

risk estimates for surface soil in a residential scenario at AOe 633. 11 

Aroclor-1260 was the only cope identified for AOe 633 surface soil and was detected at a 12 

concentration equating with a risk estimate above lE-06 in only one surface soil sample 13 

(633SBOOl). Most of the surface soil samples collected for AOe 633 were nondetect with regard 14 

to Aroclor-1260. Risk estimates ranged from 2E-07 (633SBOO2) to 2E-06 (633SBOOl). The 15 

mean risk estimate is 4E-07, assuming a deminimus risk of lE-07 for surface soil samples with 16 

nondetects . ii 

Soil- Site Worker Scenario 18 

There were no site worker soil pathway eoes identified for AOe 633. 19 

10.2.58 
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Table 10.2.19 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 633 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-061 % Risk 
633 001 Aroclor-1260 480 UG/KG NA 2.1778 100 

Total NA 2.1778 

633 002 Aroclor-1260 41 UG/KG NA 0.1860 100 
Total NA 0.1860 

633 003 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 

633 004 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 

633 005 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 

633 006 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 

633 007 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 

633 008 Aroclor-1260 100 UG/KG NA 0.4537 100 
Total NA 0.4537 

633 009 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 

633 010 Aroclor-1260 NO UG/KG NA NA 
Total NA NA 





10.2.7 Corrective Measures Considerations 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 
Revision: 0 

Based on the analytical results and the human health risk assessment for AOC 633, no COCs have 2 

been identified. Risk to human health from COPCs was evaluated under both the residential and 3 

industrial (site worker) scenarios for incidental ingestion and dermal contact. Hazard was 4 

evaluated for noncarcinogenic contaminants through incidental ingestion and dermal contact 5 

scenarios as well. 6 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 7 

cumulative risk level of lE-06 or greater and/or a cumulative hazard index above 1.0. and whose 8 

individual risk exceeds lE-06 or whose hazard quotient exceeds 0.1. Based on these criteria no 9 

chemicals were identified as soil pathway COCs for AOC 633. !O 

To determine the leaching potential of contaminants from the subsurface soil media to II 

groundwater, contaminant concentrations in subsurface soil were compared against generic SSLs 12 

based on a DAF of 20. This comparison indicated one subsurface soil sample with contaminant 13 

concentrations exceeding the SSL. The contaminant, Aroclor-1260 was detected at a concentration 14 

of 25,000 /Lg/kg exceeding the SSL (1,000 /Lg/kg). Because of the isolated nature of this 15 

occurrence, corrective measures are not recommended at this time. For more information 16 

regardi.Y}g indirect exposure pathways associated wit.l) subsurface soil refer to Section 10.2.5, Fate 17 

and Transport Assessment. 18 
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10.3 AOC 634, Flammable Material Storage, Building 1814 

A eSI site, AGe 634 is located at Building 1814, a former flammable materials storage facility. 2 

Built in 1977, Building 1814 was used until 1992 to store small (less than one gallon) containers 3 

of flammable material. The building is no longer used, and the 1995 RFA cited that the roof of 4 

the building and its surrounding chain link fence have been removed. Paint and flammable 5 

materials were stored at this facility. 6 

10.3.1 Site Geology 7 

Figure 10.3-1 depicts the soil sampli..flg locations within this area. The detailed stratigraphy at 8 

AGe 634 could not be determined as no monitoring well borings were installed within this area. 9 

Geologic data for monitoring well boring 706001, approximately 340 feet southeast of AGe 634 IO 

is therefore presented. The stratigraphy at AGe 706 consists of clayey fill with asphalt and 11 

crushed rock to approximately 5 ft bgs, overlying intervals of silty and clayey sand with shell hash 12 

and phosphate nodules. The sand at 706001 extends to a depth of approximately 14 ft bgs. The 13 

clay was encountered near the total depth of the boring at 14 ft bgs. No samples for grain size 14 

analysis were collected from any interval in the monitoring well boring for 706001. The total 15 

depth of monitoring well 706001 is 14 ft bgs. Based on zone wide hydrogeologic data the 16 

groundwater elevation at AGe 634 should be approximately 5 ft msl. Shallow groundwater at 17 

AGe 634 flows generaiiy to the nonn or nonneast. The boring log for monitoring weii 706001 18 

is contained in Appendix A. 19 

10.3.2 Field Investigation Approach 20 

The objective of the field investigation at AGe 634 was to: (1) confirm the presence or absence 21 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 22 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 23 

the investigation area included site soil. Section 3 of this report details the methods used during 24 

the field investigation. Included in this section are descriptions of the hand-auger procedures used 25 

10.3.1 
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for soil sampling, and miscellaneous procedures used during the field investigation. Also 

discussed are me anaiyticai protocois for sampie anaiyses. Appendix D contains me anaiyticai data 2 

report for samples collected in Zone G. 3 

10.3.3 Soil Sampling and Analysis 4 

The approved [mal RFI work plan proposed advancing three soil borings within the AOC 634 area 5 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 6 

samples were proposed from each boring. Three soil borings were advanced during the field 7 

investigation, as depicted in Figure 10.3-1. Upper and lower interval soil samples were collected 8 

from each boring. In accordance with the approved final RFI work plan, soil samples were 9 

analyzed for metals and VOCs at DQO Level III. Table 10.3.1 summarizes the AOC 634 soil 10 

samples and analyses. 11 

Table 10.3.1 
ZoneG 

AOC634 
Soil Samples and Analyses 

Boring Sample Sample Date 
Location Identifier 

6345BOOI 6345BOOIOI Upper 10103/96 See note 
6345BOOI02 Lower 

634SB002 6345B00201 Upper 10103196 See note 
6345B00201 u>wer 

634-58003 634-5800301 Uppt;r 10/03/96 See: note 

Note: 
SW-846 (metals. VOCs) at DQO Level Ill. 

10.3.3 



10.3.3.1 Nature of Contamination in Soil 

Zone G RCRA Facility Investigation Repon 
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Section 10 - Site-Specific Evaluations 
Revision: 0 

Organic compound analytical results for soil are summarized in Table 10.3.2. Inorganic analytical 2 

results for soil are summarized in Table 10.3.3. Table 10.3.4 sununarizes all analytes detected 3 

in soil at AOC 634. Appendix D contains a complete analytical data report for all Zone G samples 4 

collected. 5 

Volatile Organic Compounds in Soil 6 

No VOCs were detected in surface soil at AOC 634. One VOC, carbon disulfide, was detected 7 

at one location in subsurface soil at a concentration far below its SSL. 8 

Inorganic Elements in Soil 9 

Twenty-one metals were detected in surface soil and with the exception of iron, all were detected 10 

at concentrations below their respective RBC and background. Iron was detected above its surface 11 

soil RBC, however no background was established because iron is considered an essential nutrient. 12 

In subsurface soil, 22 metals were detected at AOC 634. None of the subsurface metal 13 

concentrations exceeded their respective SSLs and/or background concentrations for Zone G 14 

subsurface soil. 15 

10.3.4 Fate and Transport Assessment 16 

Environmental media sampled as part of the Aoe 634 investigation include surface and 17 

subsurface soil. The potential constituent migration pathways investigated for Aoe 634 include 18 

the soil-to-groundwater and the soil-to-air pathways. 19 

10.3.4.1 Soil-to-Groundwater Cross-Media Transport 20 

Table 10.3.5 compares maximum detected organic constituent concentrations in surface soil and 21 

subsurface soil samples to risk-based SSLs considered protective of groundwater. For inorganics, 22 

10.3.4 
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Table 103.5 
Chemicals Detected in Surface SOli, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 
NA VBASE Charleston, Zone G: AOC 634 
Charleston. South Carolina 

Max. Concentration Max Concentration Screening Concentration * 
Soil to Saltwater 

Ground-
Water 

Surface Subsurface Shallow Deep GW Tap Water Surf Wtr. Soil Water Leaching Migration 
Parameter SOIl Soil GW GW SSL RBC Chronic Units Units 

Volatile Organic Compounds 
Carbon disulfide ND 6 NA NA 32000 1000 NA UGnCG UGIL 

Inorganic Compounds 
Aluminum 5250 15700 NA NA 1000000 37000 NA MGnCG UGIL 

Antimony ND 0.42 NA NA 5 15 NA MGnCG UGIL 

ArseniC 4.5 28 NA NA 29 178 36 MGlKG UGIL 

Barium 18.5 283 NA NA 1600 2600 NA MGnCG UGIL 

Beryllium 032 12 NA NA 63 0.016 NA MGnCG UGIL 

Cadmium 027 0.31 NA NA 8 18 9.3 MGlKG UGIL 

Chromium (total) 12.5 343 NA NA 1000000 180 50 MGlKG UGIL 

Cobalt 3.5 67 NA NA 2000 2200 NA MGlKG UGIL 

Copper 152 25.3 NA NA 920 130000 8.33 MGlKG UGIL 

Lead 19 408 NA NA 400 15 8.5 MGlKG UGIL 

Manganese 114 212 NA NA 1100 2906 NA MGlKG UGIL 

Mercury 013 0.22 NA NA 2.1 II 0025 MGlKG UGIL 
Nickel 66 11.9 NA NA \30 730 21.7 M<>KG UGIL 

Selenium 035 1.9 NA NA 5 180 71 M<>KG UGIL 

Silver 2.5 ND NA NA 34 180 2.9 MGlKG UGIL 

Thallium ND 066 NA NA 0.95 2.9 21.3 MaIKO UGIL 

Vanadium 12.9 65.6 NA NA 6000 260 NA MGlKG UGIL 

zinc 554 98 I NA NA 12000 11000 86 MaIKO UGIL 

• Screening Concentrations 
SOli to GW - Generic SSLs based on OAF:;; 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4 
Tap Water RBC - From EPA Region III Risk-Based Concentration Table, October 22,1997 

Potential Concern 

NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

Surface 
Water 

Migration 
Concern 

NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Salt Water Surface Water Chronic - From EPA Supplemental GUIdance to RAGS: Region IV Bulletins, Ecological Risk Assessment, November, 1995, Table 2 
For inorganics, the value shown is the greater of the relevant screening value or the corresponding background value. 

NA - Not avaiiableINot applicable 
NO - Not detected 
RBC - Risk based concentration 
SSL - Soil screening level 
MGIKG - Milligrams per kilogram 
NG/KG - Nanograms per kilogmm 
PGIL - Picograms per liter 
UGIKG - Micrograms per kilogram 
UGIL - Micrograms per liter 
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maximum concentrations in soil are compared to the greater of (a) risk-based soil screening levels, 

or (b) background concentrations for subsurface soil. To provide a conservative screen, generic 2 

soil screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 3 

20:1, with no attenuation of constituents in soil (DAF=20). 4 

No inorganic parameters or organic compounds were detected in site soil above applicable SSLs. 5 

Consequently, no significant residual mass remains onsite which poses a threat to groundwater 6 

quality. Due to the absence of any analytes present above SSLs, this pathway is invalid for this 7 

site. 8 

10.3.4.2 Soil-to-Air Cross-Media Transport 9 

No VOCs were detected in the surficial soil samples. As a result, the soil-to-air migration 10 

pathway is not valid at AOC 634. 11 

10.3.4.3 Fate and Transport Summary 12 

Environmental media samples at AOC 634 included surface and subsurface soil. While a number 13 

of parameters were detected in these samples, none were present at concentrations above their 14 

applicable SSLs. As a result, the soil-to-groundwater pathway is considered invalid at this site. 15 

No VOCs were detcted above L1.cir applicable soil-to-air volatilization concentrations, and 16 

therefore this pathway is considered invalid. 17 

10.3.5 Human Health Risk Assessment 18 

10.3.5.1 Site Background and Investigative Approach 19 

AOC 634 is a former flammable materials storage facility, located at Building 1814. Materials 20 

stored at this site include paint and flammable materials. 21 

10.3.14 
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During the CSI, a total of three soil borings were advanced to identify potential impacts resulting 

from the activities listed above. Surface soil samples from all three boring locations were used 2 

to quantitatively assess the direct contact soil exposure pathways. Subsurface soil detections were 3 

addressed in the previous section, Fate and Transport Assessment. Section 10.3.3 provides a 4 

summary of the sampling effort for AOC 634 soil. 5 

10.3.5.2 COPC Identification 6 

Based on the screening comparisons described in Section 7 of this RFI and presented in 7 

Table 10.3.6. No COPCs were identified in surface soil. Arsenic and beryllium were detected 8 

in surface soil samples at concentrations exceeding their RBCs but lower than their background 9 

concentrations. As a result, arsenic and beryllium were eliminated as COPCs based on 10 

comparison to their background concentrations. Wilcoxon rank sum test analysis confirmed that 11 

site concentrations of arsenic and beryllium were consistent with their background concentrations. 12 

10.3.5.3 Risk Uncertainty 13 

COPC Selection 14 

A conservative screening process was used to identify COPCs for AOC 634. The potential for 15 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 16 

noncarcinogens through tIle use of RBes that were reduced one order of magr.irude. For 17 

carcinogens the RBCs are based on a conservative target risk of lE-06. Use of conservative RBCs 18 

in combination with the use of maximum detected concentrations minimizes the likelihood of a 19 

10.3.15 



Table 10.3.6 
Chemicals Present in Site Samples 
AOe 634 - Surface Soil 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency 
of 

Parameter Detection 

Inorganlcs 
f4.tumlnum (AI) 3 
~",enic (As) 3 
Barium (8a) 3 
Beryllium (Be) 3 
Cadmium (Cd) 2 
Calcium (Ca) N 3 
Chromium (Cr) 3 
Cobalt (Co) 3 
Copper (Cu) 3 
Iron (Fe) N 3 
Lead (Pb) 3 
Magnesium (Mg) N 3 
Manganese (Mn) 3 
Mercury (Hg) 3 
Nickel (Ni) 2 
Potassium (K) N 1 
Selenium (Se) 1 
Silver (Ag) 1 
Sodium (Na) N 2 
!vanadium (V) 3 
izinc (Zn) 2 

N - Essential nutrient 
SaL - Sample quantitation limit 
MG/KG - milligram per kilogram 
NA - Not applicable 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Range 
of 

Detection 

4930 5250 
1.7 4.5 

13.5 18.5 
0.15 0.32 
0.06 0.27 

22800 95400 
7.4 12.5 
1.5 3.5 
4.6 15.2 

4380 5390 
7 19 

653 1960 
35.6 114 
0.05 0.13 

3.6 6.6 
375 375 

0.35 0.35 
2.5 2.5 

603 670 
9.7 12.9 

33.8 55.4 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Conc. SOL RBC Reference Units RBC Bkod 

5063 NA NA 7800 18700 MGIKG 
2.8 NA NA 0.43 17.2 MG/KG 3 

16.0 NA NA 550 109 MG/KG 
0.21 NA NA 0.15 1.2 MGIKG 3 
0.17 0.04 0.04 3.9 1.07 MGIKG 

48633 NA NA NA NA MG/KG 
9.1 NA NA 39 42.8 MG/KG 
2.3 NA NA 470 6.6 MG/KG 

10.0 NA NA 27000 260 MG/KG 
4780 NA NA NA NA MGIKG 
11.8 NA NA 400 181 MGIKG 

1143 NA NA NA NA MG/KG 
65.3 NA NA 180 325 MGIKG 

0.077 NA NA 2.3 1.03 MG/KG 
5.1 3.3 3.3 160 20.6 MG/KG 

375 223 225 NA NA MG/KG 
0.35 0.34 0.35 39 1.22 MG/KG 
2.5 0.21 0.22 39 NA MG/KG 
637 386 386 NA NA MG/KG 
11.7 NA NA 55 60.9 MGIKG 
44.6 11.8 11.8 2300 519 MGIKG 
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significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and 

eliminated from formal assessment, none was reported at a concentration close to its RBC (e.g. 2 

within 10% of its RBC). Arsenic and beryllium were detected at concentrations exceeding their 3 

RBCs and were not considered COPCs based on a direct comparison of their maximum 4 

concentrations to their background concentrations. Wilcoxon rank sum test analysis confirmed 5 

that site concentrations of arsenic and beryllium were consistent with their background 6 

concentrations. 7 

10.3.5.4 Risk Summary 8 

Surface soil data were screened according to the risk-based screening evaluation presented in 9 

Section 7 of this RFI. As a result of conservative risk-based screening, no surface soil COPCs 10 

were identified for AOC 634. 11 

Corrective Measures Considerations 12 

Based on the analytical results and the human health risk assessment for AOC 634, no COPCs or 13 

COCs have been identified. Arsenic and beryllium were detected in surface soil samples at 14 

concentrations exceeding their RBCs but lower than their background concentrations. As a result, 15 

arsenic and beryllium were eliminated as COPCs based on comparison to their background 16 

concentrations. 17 

To determine the leaching potential of contaminants from the subsurface soil media to 18 

groundwater, contaminant concentrations in subsurface soil were compared against generic SSLs 19 

based on a DAF of 20. This comparison did not indicate contaminant concentrations above the 20 

SSLs, therefore there exists no leaching potential at AOC 634. For further information regarding 21 

the subsurface soil detections refer to Section 10.3.4, Fate and Transport Assessment. 22 

10.3.17 
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A eSI site, AOe 638 is the fonner torpedo workshop at Building 132, which was used from 1944 2 

until 1991. Building 132 is on the northeast corner of the intersection of Brumby Street and 3 

Hobson Avenue. From 1991 to 1995, the building was used by the Public Works Department for 4 

equipment and parts storage. The building is currently vacant. 5 

10.4.1 Site Geology and Hydrogeology 6 

The soil boring and groundwater monitoring well locations associated with the AOe 638 eSI are 7 

shown in Figure 10.4-1. Appendix A contains the boring logs and the monitoring well 8 

construction diagrams for the wells installed at AOe 638. Based on one monitoring well boring 9 

advanced at the site, the general stratigraphy at AOe 638 consists of organic silty clay overlying 10 

silty sand and sandy silt to a depth of 12 ft bgs. The silty sand represents the Qs unit. A sample 11 

was collected for grain size analysis from the Qm interval. This sample exhibited a grain size 12 

distribution of 4% sand, 37% silt, and 59% clay. The silty clay extends to a depth of 13 

approximately 8 ft bgs. The silty sand and sandy silt extends to the total depth of 12.4 ft bgs. 14 

The groundwater elevation at AOe 638 is approximately 4.0 ft msl. Figures 10.4-2 and 10.4-3 15 

depict the shallow groundwater potentiometric surface and inferred flow direction at low- and 16 

high-tide respectively. Minor differences in the static water levels and the overall flow pattern at 17 

the AOe 638 area were observed between high and low-tide. No slug tests were run within the 18 

AOe 638 area, therefore, no horizontal hydraulic conductivity was calculated. The low-tide 19 

horizontal hydraulic gradient, based on Figure 10.4-2 is 9.5E-03 to the southwest. The flow 20 

velocity at low-tide is approximately 8.8E-02 ftJday. The high-tide horizontal hydraulic gradient 21 

based on Figure 10.4-3 is 4.0E-02. Shallow groundwater flow velocity at high-tide is 22 

approximately 3. 7E-OI ft/day to the south-southwest. 23 

lOA. 1 
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10.4.2 Field Investigation Approach 
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The objective of the field investigation at AOC 638 was to: (1) confirm the presence or absence 2 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 3 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 4 

the investigation area included soil and groundwater. Section 3 of this report details the methods 5 

used during the field investigation. Included in this section are descriptions of the hand-auger 6 

procedures used for soil sampling; groundwater sampling procedures; and miscellaneous 7 

procedures used during the field investigation. Also discussed are the analytical protocols for 8 

sample analyzes. Appendix D contains the analytical data report for samples collected in Zone G. 9 

10.4.3 Soil Sampling and Analyzes 10 

The approved fmal RFI work plan proposed advancing four soil borings within the AOC 638 area 11 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 12 

samples were proposed from each boring. During the field investigation, four soU borings were 13 

advanced, as depicted in Figure 10.4-1. Three borings included both upper and lower sampling 14 

intervals, while one boring included the upper interval only. One lower interval sample was not 15 

collected due to obstructions in the borehole. In accordance with the approved final RFI work 16 

plan, soil samples were analyzed for metals, pesticides/PCBs, SVOCs, and VOCs at DQO 17 

Level III. One sample was also analyzed for cyanide. In addition, one upper interval duplicate 18 

soil sample was collected for Appendix IX analyzes at DQO Level IV. Table 10.4.1 summarizes 19 

the AOC 638 soil samples and analyses. 20 

10.4.3.1 Nature of Contamination in Soil 21 

Organic compound analytical results for soil are summarized in Table 10.4.2. Inorganic analytical 22 

results for soil are summarized in Table 10.4.3. Table 10.4.4 summarizes all analytes detected 23 

in soil at AOC 638. Appendix D contains a complete analytical data report for all Zone G samples 24 

collected. 25 

10.4.5 



Boring 
Location 

638SBooi 

638SBOO2 

!i38SB003 

638SBOO4 

Noles: 

Sample 
Identifier 

6388BoolOl 
638CBOOIOI· 
6388Bool02 

6385B00201 

6388BOO3OJ 
6388800302 

638SBOO401 
638SBOO402 

Table 10.4.1 
ZoneG 

AOC638 
SOU Samples and Analyzes 

Sample Date 
Interval Collected 

Upper 11119196 

Lower 

Upper 9ii9i96 

Upper 9119/96 
Lower 

Upper 9119196 
Lower 

1 SW-846 (melals. pesticidesiPCBs. SVOCs. VQC,) at DQO Level ill 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section i 0 - Site·Specijic Evaluations 
Revision: 0 

Analyzes 

NOlO l'cyanide 
Note 1. 

Note 1 

Notel 

Note 1 

Remarks 

'Duplicate sample 

Lower interval not sampied 
due to obstruction 

2 Appendix IX suite: Appendix IX (pesticides/PCBs, herbicides. SVOCs, VOCs); SW-846 (metals. dioxins, OP-pesticides); cyanide; 
hex-chrome at DQO Level IV 

* Duplicate sample 

10.4.6 



Pa
ra

m
et

er
s 

Sa
m

pl
e 

In
te

rv
al

 

T
ab

le
 1

0.
4.

2 
Z

on
eG

 
A

O
C

 6
38

 
O

rg
an

ic
 C

o
m

p
o

u
n

d
 A

na
ly

ti
ca

l 
R

es
ul

ts
 C

or
 S

oi
l 

F
re

qu
en

cy
 

oC
 

D
et

ec
ti

on
 

R
an

ge
 o

C 
D

et
ec

tio
ns

 
{J

Jg
Ik

g)
 

M
ea

n
 o

f 
D

et
ec

tio
ru

; 
(J

Jg
lk

g)
 

V
ol

at
ile

 O
rg

an
ic

 C
om

po
un

ds
 (

U
pp

er
 lJ

()t
en

'a
I 

-4
 S

am
pl

es
 p

lu
s 

1 
D

up
lic

at
e 

Sa
m

pl
el

L
ow

er
 I

n
te

rv
al

-
3 

Sa
m

pl
es

) 
fi

gl
kg

) 

A
ce

to
ne

 
U

pp
er

 
01

4 
N

D
 

N
O

 
L

ow
er

 
11

3 
12

0 
12

0 

C
ar

bo
n 

di
su

lfi
de

 
U

pp
er

 
0/

4 
NO

 
N

O
 

L
ow

er
 

1/
3 

2.
00

 
2.

00
 

M
et

hy
le

ne
 c

hl
or

id
e 

U
pp

er
 

0/
4 

N
O

 
N

O
 

L
ow

er
 

1
/3

 
10

.0
 

10
.0

 

T
ri

ch
lo

ro
et

he
ne

 
U

pp
er

 
0/

4 
N

O
 

N
O

 
L

ow
er

 
1/

3 
3.

00
 

3.
00

 

Se
m

iv
ol

at
ile

 O
rg

an
ic

 C
om

po
un

ds
 (

U
pp

er
 I

n
te

rv
al

-
4 

Sa
m

pl
es

 p
lu

s 
1 

D
up

lic
at

e 
Sa

m
F

,le
lL

ow
er

 I
nt

er
va

l -
3 

Sa
m

pl
es

) 
j:

gI
kg

) 

B
E

Q
s' 

U
pp

er
 

3
/4

 
0.

4<
iO

 -
22

0.
09

 
90

.1
 

Lo
w

er
 

0
/0

 
N

A
 

N
A

 

B
en

zo
(a

)a
nt

hr
ac

en
e 

U
pp

er
 

1
/4

 
99

.0
 

99
.0

 
L

ow
er

 
3

/3
 

9
3

.0
·2

1
0

 
13

4 

B
en

zo
(1

))
fl

uo
ta

nd
te

no
 

U
pp

er
 

1/
4 

18
S 

18
5 

Lo
w

er
 

2/
3 

92
.0

-\
S

O
 

13
6 

B
en

zo
(k

)fl
uo

ra
nt

he
ne

 
U

pp
er

 
3/

4 
4

6
.0

·1
5

0
 

91
.7

 
Lo

w
er

 
31

3 
12

0 
• 

14
0 

13
3 

B
en

zo
(a

)p
yr

en
e 

U
pp

er
 

21
4 

49
.0

-1
30

 
89

.5
 

Lo
w

er
 

2/
3 

13
Q 

13
Q

 

10
A

.7
 

Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 i

nv
es

tig
at

io
",

 R
ep

on
 

N
A 

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

IO
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

R
ef

er
en

ce
 

C
on

e.
-

(J
Jg

Ik
g)

 

78
00

00
 

16
00

0 

78
00

00
 

32
00

0 

85
00

0 
2

0
 

58
00

0 
60

 

88
 

N
A

 

88
0 

20
00

 

88
0 

50
00

 

88
00

 
49

00
0 

N
m

nb
er

of
 

Sa
m

pl
es

 
E

xc
ee

di
ng

 
R

ef
er

en
,e

e 

o o o o o o o o 1 NA
 

o o o o o o 1 o 



Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
on

 
N

A 
VB

AS
E 

C
lu

rr
le

st
on

 
Se

ct
io

n 
IO

 -
Si

te
·S

pe
ci

fic
 E

va
lu

at
io

ns
 

Re
vi

fs
io

n:
 0

 

T
ab

le
 1

0.
4.

2 
Z

on
eG

 
A

O
C

 6
38

 
O

rg
an

ic
 C

om
pO

I:
m

d 
A

na
ly

tic
al

 R
es

ul
ts

 r
or

 S
oi

l 

N
w

nb
er

lr
tf

 
F

re
qu

en
cy

 
R

an
ge

 o
f 

M
ea

n
or

 
R

ef
er

el
!.c

e 
S

am
pl

e"
 

S
am

pl
e 

of
 

D
et

ed
l .
..

 
D

et
ec

tio
ns

 
C

on
e.

 
E

xc
ee

di
ng

 
P

ar
am

et
er

s 
In

te
rv

al
 

D
et

ec
tio

n 
(j.

<g
!k

g)
 

(j.
<g

/k
g)

 
(j.

<g
!k

g)
 

R
ef

er
en

c:
e 

C
hr

ys
en

e 
U

pp
er

 
2/

4 
5

6
.0

· 
19

0 
12

3 
88

00
0 

0 
L

ow
er

 
3/

3 
1

I0
·2

2
0

 
18

0 
16

00
00

 
0 

O
ib

en
z(

a.
h)

an
th

ra
ce

oe
 

U
pp

er
 

11
4 

4
8

.0
 

4
8

.0
 

88
 

0 
L

ow
er

 
01

3 
N

O
 

N
O

 
2

0
0

0
 

0 

In
de

no
(l

.2
,3

-<
dj

py
re

ne
 

U
pp

er
 

11
4 

12
0 

12
0 

88
0 

0 
Lo

w
er

 
2/

3 
6

0
.0

·7
4

.0
 

67
.0

 
14

00
0 

0 

A
nt

hr
ac

en
e 

U
pp

er
 

0
/4

 
N

O
 

N
O

 
23

00
00

0 
0 

L
ow

er
 

11
3 

10
0 

10
0 

12
00

00
00

 
(}

 

B
en

zo
(g

.h
.i

jp
er

yl
en

e 
U

pp
er

 
2/

4 
3

9
.0

· 
1

I4
 

76
.5

 
23

00
00

 
0 

Lo
w

er
 

1/
3 

14
0 

14
0 

4.
66

E
08

 
0 

O
i·

n-
oc

ty
lp

hl
lt

al
.I

e 
U

pp
er

 
0

/4
 

N
O

 
N

O
 

16
00

00
 

0 
L

o
w

e
t 

11
3 

13
0 

13
0 

10
00

00
00

 
0 

bi
s(

2·
E

lh
yl

he
xY

l)
ph

ll
ta

la
le

 
U

pp
er

 
0

/4
 

N
O

 
N

O
 

46
00

0 
0 

L
ow

er
 

11
3 

70
0 

70
0 

36
00

00
0 

0 

Fl
uo

ra
m

he
ne

 
U

pp
er

 
2/

4 
S(

).O
 -

20
5 

12
8 

31
00

00
 

0 
Lo

w
.et

 
31

3 
1

4
0

·8
5

0
 

39
7 

43
00

00
0 

0 

2-
M

et
hy

ln
ap

ht
ha

le
ne

 
U

pp
er

 
11

4 
42

.0
 

42
.0

 
31

00
00

 
0 

L
ow

er
 

0/
3 

N
O

 
N

O
 

12
60

00
 

0 

P
he

na
nl

hr
en

e 
U

pp
et

 
)1

4 
11

4 
11

4 
23

00
00

 
0 

Lo
we

r 
11

3 
Z8

0 
28

0 
13

80
00

0 
0 

10
04

.8
 



Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 i

nv
es

tig
at

io
n 

R
ep

or
t 

N
A 

V
B

A
SE

 C
/w

rl
es

to
n 

Se
ct

io
n 

10
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
 ~R
~
e
~
~
:
s
w
n
:
O
 

T
ab

le
 1

0.
4.

2 
Z

on
eG

 
A

O
C

6
3

8
 

O
rg

an
i<

 C
om

po
un

d 
A

na
ly

tic
:a

l 
R

es
ul

ts
 f

or
 S

oi
l 

N
um

be
r 

o
f 

F
re

qu
en

<
)' 

R
an

ge
 o

f 
M

ea
n

or
 

R
ef

er
en

ce
 

Sa
m

pl
es

 
S

an
lp

le
 

o
f 

D
et

ec
ti

on
s 

D
et

ec
ti

on
s 

C
on

e.
 . 

Ex
c:

ee
di

ng
 

P
ar

am
et

er
s 

In
te

rv
al

 
D

et
ec

tio
n 

(J
<g

/k
g)

 
(J

<g
lk

g)
 

(J
<g

/k
g)

 
R

ef
er

en
ce

 

Py
re

-n
e 

U
pp

er
 

21
4 

52
.0

 -
2

1
5

 
13

4 
23

00
00

 
0 

Lo
w

er
 

31
3 

15
0 

-7
8

0
 

40
3 

42
00

00
0 

0 

P
es

ti
ci

de
s 

an
d 

P
C

B
s 

(U
pp

er
 I

nt
er

va
l a

 
4~
 S

am
pl

es
 p

lu
s 

1 
D

up
U

ca
te

 S
am

pl
el

L
ow

er
 I

nt
er

'v
al

 -
3 

Sa
m

pl
es

) 
(..

!g
/k

g)
 

aJ
ph

a-
C

bl
or

da
ne

 
U

pp
er

 
2/

4 
1.

90
 -

9.
45

 
5.

68
 

18
00

 
0 

Lo
w

er
 

0/
3 

N
O

 
N

O
 

10
00

0 
0 

.g
am

m
a-

C
hl

or
da

ne
 

U
pp

er
 

2/
4 

3.
60

 -
40

.5
 

22
.1

 
18

00
 

0 
L

ow
er

 
01

3 
N

O
 

N
O

 
10

00
0 

0 

4
.4

'0
0

0
 

U
pp

er
 

2/
4 

6.
60

 -
35

.5
 

21
.1

 
27

00
 

0 
Lo

w
er

 
1/

3 
19

.0
 

19
.0

 
16

00
0 

0 

4
.4

'-
0

0
E

 
U

pp
er

 
2/

4 
11

.0
 -

7
6

.0
 

43
.5

 
19

00
 

0 
L

ow
er

 
11

3 
3&

.0
 

38
.0

 
54

00
0 

0 

4
,4

'-
0

0
T

 
U

pp
er

 
2/

4 
6.

00
 -

15
.0

 
1

0
5

 
19

00
 

0 
Lo

w
er

 
0

/3
 

N
O

 
N

O
 

32
00

0 
0 

H
ep

m
ch

lo
r 

ep
ox

id
e 

U
pp

er
 

11
4 

:U
 

2.
8 

70
 

0 
Lo

w
er

 
01

3 
N

D
 

N
O

 
70

0 
0 

M
et

ho
xy

ch
lo

r 
U

pp
er

 
1/

4 
11

0 
11

0 
39

00
0 

0 
L

o
w

er
 

0/
3 

N
O

 
N

O
 

16
00

00
 

0 

D
io

xi
ns

 (
U

pp
er

 I
n

te
rv

al
-

1 
D

up
li<

at
e 

SI
ID

pl
e)

 (
ng

lk
g)

 

01
0x

ln
(2

,3
,7

 ,g
. T

C
D

D
 T

E
Q

)'
 

U
pp

er
 

II
I 

0.
32

()
S 

0,
32

()S
 

10
00

 
0 

Lo
w

er
 

01
0 

NA
 

N
A

 
19

00
 

0 

10
.4

.9
 



N
ot

es
: 

1 • N
D

 
N

L 
N

A
 

I'
gi

kg
 

ng
/k

g 

Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

on
 

N
A 

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

C
al

cu
la

te
d 

fr
om

 m
et

ho
ds

 d
es

cr
ib

ed
 in

 U
SE

PA
 I

nt
er

im
 S
up

p/
~m

~n
ta

[ 
G

ui
da

nc
e 

to
 l

U
G

S
: 

H
um

an
 H

ea
lth

 R
is

k 
A

ss
es

sm
en

t, 
B

ul
le

tin
 2

 (U
SE

PA
, 

19
95

c)
 

R
es

id
en

tia
l R

BC
s 

(T
Ii

Q
=O

.l)
 w

er
e 

us
ed

 a
s 

a 
re

fe
re

nc
e 

co
nc

en
tta

tio
n 

fo
r 

up
pe

r 
in

te
rv

al
 s

am
pl

es
. 

G
en

er
ic

 s
oi

l-t
a-

gr
ou

nd
w

at
er

 S
SL

s 
(D

A
F

=2
0)

 f
ro

m
 t

he
 S

oi
l S

cr
ee

ni
ng

 G
ui

da
nc

e:
 

Te
ch

ni
ca

l B
ac

kg
ro

un
d 

D
oc

um
en

t (
U

SE
PA

. 
19

96
b)

 w
er

e 
us

ed
 a

s 
a 

re
fe

re
nc

e 
co

nc
en

tr
at

io
n 

fo
r 

lo
w

er
 in

te
rv

al
 s

am
pl

es
 

N
ot

 d
et

ec
te

d 
N

ot
 li

st
ed

 
N

ot
 a

pp
lic

ab
le

 
M

ic
ro

gr
am

s 
pe

r 
ki

lo
gr

am
 

N
an

og
ra

m
s 

pe
r 

ki
lo

gr
am

 

10
.4

.1
0 



T
ab

le
 1

0.
4.

3 
Z

on
eG

 
A

O
C

 6
38

 
In

o
rg

an
ic

 A
na

ly
ti

ca
l 

R
es

ul
ts

 r
o

r 
S

oi
l 

R
an

g
e 

F
re

qu
en

cy
 

o
r 

Sa
m

pl
e 

o
r 

D
et

ec
tio

ns
 

P
ar

am
et

er
s 

In
te

"
al

 
D

et
ec

tio
n 

(m
gl

kg
) 

in
o

rg
an

ie
s 

(U
p

p
er

 i
n

te
rv

al
 -

4 
S

am
pi

es
 p

iu
s 

1 
D

up
li

ca
te

 S
am

pl
es

lL
ow

er
 i

n
te

rv
al

 -
3 

S
am

pl
es

) 
(m

gl
kg

) 

A
iu

m
in

um
 (

A
i)

 
U

pp
er

 
4

/4
 

~6
60

 -
94

00
 

u>
we

r 
31

> 
m

oo
 -

30
90

0 

A
rs

en
ic

 (
A

s)
 

U
pp

er
 

41
4 

6
.0

0
· 

i3
.0

 
Lo

w
er

 
31

3 
8

.7
0

· 
I~

.O
 

B
ar

iu
m

 (
B

a)
 

U
pp

er
 

41
4 

1
8

.9
·4

1
.0

 
u>

we
r 

3/
3 

24
.0

 -
4

4
.3

 

B
er

yl
li

um
 (

B
e)

 
U

pp
er

 
41

4 
0.

30
 -

0.
56

5 
Lo

w
er

 
31

3 
0.

81
 •

 1
.6

0 

C
ad

m
iu

m
 (

C
d)

 
U

pp
er

 
3/

4 
0

.1
6

 -
2

.6
 

Lc
w

er
 

21
3 

0
.2

0
·0

.2
1

 

C
al

ci
um

 (
C

a)
 

U
pp

er
 

41
4 

23
40

 -
30

50
0 

Lo
w

er
 

31
3 

60
20

 -
26

10
0 

C
hr

om
iu

m
 (C

r)
 

U
pp

er
 

41
4 

10
.4

.2
3.

9 
L:

lw
er

 
31

3 
2

1
.9

.4
7

.8
 

C
ob

al
t 

(C
o)

 
U

pp
er

 
41

4 
1

.2
0

·4
.2

5
 

L
o

w
er

 
31

3 
4

.1
0

· 
B

.3
0 

C
o

p
p

er
(C

u
) 

O
pp

er
 

41
4 

8.
$0

 -
41

7 
Lo

w
er

 
31

3 
18

.0
 -

1
4

1
 

10
.4

.1
1 

M
ea

n 
o

r 
D

et
ec

tio
ns

 
(m

gl
kg

) 

69
95

 
19

70
0 

9.
20

 
12

.8
 

25
.8

 
34

.1
 

0.
43

1 
LO

B
 

fJ
.m

 
0.

20
5 

I
~
B
O
O
 

15
60

0 

16
.8

 
35

.3
 

2.
16

 
~.

50
 

11
3 

62
0$

 

Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

aJ
io

n 
R

ep
or

t 
N

A 
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
10

 -
Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

R
e
f
e
r
~
c
e
 

C
on

e.
 

(m
gl

kg
) 

7
8

0
0

 
lQ

O
O

O
O

O
 

0.
43

0 
29

 

55
0 

16
00

 

0.
15

0 
63

 

3.
90

 
8 N
L 

N
L 

39
.0

 
lQ

O
O

O
O

O
 

47
0 

20
00

 

27
00

0 
92

0 

N
u

m
b

er
 o

f 
S

am
pl

es
 

E
xc

ee
dl

ng
 

R
ef

er
en

ce
 

I o 4 o 4 o o o o o N
A

 
N

A
 

o o o o o o 



Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A 

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

IO
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

T
ab

le
 1

0.
4.

3 
Z

on
eG

 
A

O
C

6
3

8
 

In
or

ga
ni

c 
A

na
ly

ti
ca

l 
R

es
ul

ts
 f

o
r 

S
oi

l 

R
an

ge
 

M
ea

n
 

N
u

m
b

er
 o

f 
F

re
qu

en
cy

 
o

f 
o

f 
Re

fe
re

~c
e 

S
am

pl
es

 
S

am
p

le
 

o
f 

D
et

ec
ti

on
s 

D
et

ec
ti

on
s 

C
on

e.
 

E
xc

ee
dl

ng
 

P
ar

am
et

er
s 

In
te

rv
al

 
D

et
ec

tio
n 

(m
gl

kg
) 

(m
gl

kg
) 

(m
g/

kg
) 

R
ef

er
en

ce
 

Ir
on

 (
F

e)
 

U
pp

er
 

4/
4 

49
80

 -
14

90
0 

93
80

 
23

00
 

4 
L

ow
er

 
3/

3 
17

10
0 

-
34

10
0 

23
80

0 
N

L 
N

A
 

L
o

a
d

 (
P

b)
 

U
pp

er
 

41
4 

\7
.7

 -
14

8.
5 

68
.&

 
40

0 
0 

Lo
w

er
 

31
3 

20
.7

 -
7

6
.1

 
49

.2
 

40
0 

0 

M
ag

ne
si

um
 (

M
g)

 
U

pp
er

 
4/

4 
62

4 
-

13
70

 
11

30
 

N
L 

N
A

 
Lo

w
er

 
3/

3 
3

3
0

0
·5

4
0

0
 

41
00

 
N

L 
N

A
 

M
an

ga
ne

se
 (

M
n)

 
U

pp
er

 
4

/4
 

5
4

.7
 -

12
6 

95
.1

 
IS

O 
0 

L
o

w
e

r 
3

/3
 

14
1 

-
45

9 
28

5 
11

00
 

0 

M
er

cu
ry

 (
H

g)
 

U
pp

er
 

4/
4 

0
.0

6
·0

.7
5

5
 

0.
23

9 
2.

30
 

0 
L

ow
er

 
3/

3 
0

.2
0

·0
.5

3
 

0.
36

0 
2.

1 
0 

N
ic

ke
l (

N
i)

 
U

pp
er

 
41

4 
2

.7
0

 -
19

.9
5 

8.
56

 
16

0 
0 

Lo
w

er
 

3
/3

 
9.

80
 -

13
.7

 
11

.2
 

13
0 

0 

Po
ra

ss
iu

m
 (

K
) 

U
pp

er
 

4/
4 

34
5 

-
64

7 
48

3 
N

L 
N

A
 

L
ow

er
 

3/
3 

17
30

 -
26

30
 

21
60

 
N

L 
N

A
 

S
el

en
iu

m
 (S

o)
 

U
pp

er
 

41
4 

0
.4

6
 -

0
.7

6
 

0.
62

4 
39

.0
 

0 
lo

w
er

 
3/

3 
1.

30
 -

2
.0

0
 

1.
57

 
5 

0 

So
di

um
 (

N
a)

 
U

pp
er

 
2/

4 
30

5 
-

53
6.

5 
42

1 
N

L 
N

A
 

Lo
w

er
 

2/
3 

11
10

 -
16

20
 

13
70

 
N

L 
N

A
 

T
ha

ll
iu

m
 (

T
I)

 
O

pp
er

 
0/

4 
N

O
 

NO
 

0.
63

 
0 

Lo
w

er
 

11
3 

0.
70

0 
0.

70
0 

0.
95

 

10
.4

.1
2 



T
in

 (
So

) 

V
an

ad
iu

m
 (

V
) 

Z
in

c 
(Z

n)
 

N
ot

es
: 

• N
O

 
N

L 
N

A
 

m
gl

kg
 

T
ab

le
 1

0-
4.

3 
Z

on
eG

 
A

O
C

6
3

8
 

In
or

ga
ni

c 
A

na
ly

ti
ca

l R
es

ul
ts

 f
or

 S
O

U
 

R
ao

ge
 

F
re

qu
en

cy
 

o
f 

Sa
tlr

lp
le

 
o

f 
D

et
ec

ti
on

s 
P

ar
am

et
er

s 
In

tl
~r

va
l 

D
et

ec
tio

n 
(m

gl
kg

) 

U
pp

er
 

2/
4 

6.
00

 -
6.

10
 

L
ow

er
 

2/
3 

10
.6

 -
11

.1
 

U
pp

er
 

4/
4 

13
.9

 -
2

M
 

Lo
w

er
 

3/
3 

40
.7

 -
7

6
.8

 

U
pp

er
 

4/
4 

33
.9

 -
30

8 
L

ow
er

 
3/

3 
59

.S
 -

14
4 

M
ea

n 
o

f 
D

et
ec

ti
O

l:
lS

 

(m
gl

kg
l 

6.
05

 
10

.9
 

20
.1

 
52

.9
 

11
3 

10
8 

Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

al
io

n 
R

ep
on

 
N

A 
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
JO

 -
Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

N
um

be
r 

of
 

R
ef

er
en

ce
 

S
am

pl
es

 
C

on
e.

 . 
E

xc
ee

di
ng

 
(m

gl
kg

) 
R

ef
er

en
ce

 

47
00

 
0 

11
00

0 
0 

55
.0

 
0 

60
00

 
0 

23
00

 
0 

12
00

0 
0 

R
es

id
en

tia
l 

R
BC

s 
(1

l:I
Q

==
O

.1
) 

w
er

e 
us

ed
 a

s 
a 

re
fe

re
nc

e 
co

nc
en

tr
at

io
n 

fo
r 

up
pe

r 
in

te
rv

al
 s

am
pl

es
. 

G
en

er
ic

 s
oi

l-t
a-

gr
ou

nd
w

at
er

 S
SL

s 
(D

A
F

=
20

) 
fr

om
 t

he
 S

oi
l 

S
cr

u
n

in
g 

G
ui

da
nc

e:
 

Te
ch

ni
ca

l B
ac

kg
ro

un
d 

D
oc

um
en

t (
U

SE
P

A
, 

19
96

b)
 w

er
e 

us
ed

 a
s 

a 
re

fe
re

nc
e 

co
nc

en
tr

at
io

n 
fo

r 
lo

w
er

 i
nt

er
va

l 
sa

m
pl

es
 

N
ot

 d
et

ec
te

d 
N

ot
 li

st
ed

 
N

ot
 a

pp
lic

ab
le

 
M

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
 

10
.4

.1
3 



T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

63
8 

A
na

ly
te

s 
D

et
ec

te
d 

in
 S

ur
fa

ce
 a

nd
 S

ub
su

rf
ac

e 
So

d 

R
es

id
en

ti
al

 
Su

rf
ac

e 
R

B
C

' 
Su

rf
ac

e 
P

ar
am

et
er

s 
L

oc
at

io
n

 
C

on
e.

 
(f

H
Q

=
O

.I
) 

B
ac

kg
ro

un
d 

V
ol

at
ile

 O
rg

an
ic

 C
om

po
un

ds
 (

j.l
gl

kg
) 

A
ce

to
ne

 
63

8S
BO

O
4 

N
O

 
78

00
00

 
N

A
 

C
ar

bo
n 

di
su

lfi
de

 
63

8S
BO

O
4 

N
O

 
78

00
00

 
N

A
 

M
et

hy
le

ne
 c

hl
or

id
e 

63
8S

B
00

4 
N

O
 

85
00

0 
N

A
 

T
ri

cf
llo

ro
et

he
ne

 
63

85
B

O
O

I 
N

O
 

58
00

0 
N

A
 

S
em

iv
ol

at
il

e 
O

rg
an

ic
 C

om
p

ou
n

d
s 

(u
gl

lk
g)

 

B
EQ

sI
 

63
8S

BO
O

I 
22

0.
09

 
88

.0
 

N
A

 
63

8S
BO

O
2 

0.
46

 
63

8S
BO

O
3 

49
_8

5 
63

85
BO

O
4 

N
O

 

B
en

zo
(a

)a
nt

hr
ac

en
e 

63
8S

8O
O

1 
99

 
88

0 
N

A
 

63
8S

8O
O

3 
N

O
 

63
85

BO
O

4 
N

O
 

B
en

zo
{b

)O
uo

ra
nJ

he
ne

 
63

8S
B

O
O

I 
18

S 
88

0 
N

I\
 

63
8S

B
O

O
4 

N
O

 

B
en

zo
(k

)f
lu

or
an

th
en

e 
63

8S
BO

O
I 

15
0 

88
00

 
N

A
 

63
8S

BO
O

2 
46

 
63

85
B

00
3 

79
 

63
85

BO
O

4 
N

O
 

10
.4

.1
4 

Su
bs

ur
fa

ce
 

C
on

e.
 

12
0 2 10
 

3 N
A

 
N

A
 

N
A

 
N

A
 

21
0 

10
0 

93
 

18
0 

92
 

14
0 

N
T

 
14

0 
12

0 

Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
N

A 
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
JO

 -
Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

So
il 

to
 

G
ro

un
dw

at
er

 
S

S
L

' 
Su

bs
ur

fa
ce

 
(D

A
F

=
20

) 
Ba

ck
gr

oU
D

d 

16
00

0 
N

A
 

32
00

0 
N

A
 

20
 

N
A

 

60
 

N
A

 

N
L

 
N

A
 

20
00

 
N

A
 

50
00

 
N

A
 

49
00

0 
N

A
 



Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
N

A 
YB

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

 6
38

 
A

na
ly

te
s 

D
et

ec
te

d 
in

 S
ur

fa
ce

 a
nd

 S
ub

su
rf

ac
e 

So
D

 

So
il 

to
 

R
es

id
en

tia
l 

G
ro

un
dw

at
er

 
Su

rf
ac

e 
R

B
C

* 
Su

rf
ac

e 
Su

bs
ur

fa
ce

 
SS

L
* 

Su
bs

ur
fa

ce
 

P
ar

am
et

er
s 

L
oc

at
io

n 
C

on
e.

 
(T

II
Q

=
O

.I
) 

B
ac

kg
ro

un
d 

C
on

e.
 

(D
A

F
=

20
) 

B
ac

kg
ro

un
d 

B
en

zo
(a

)p
yn

m
. 

63
8S

B
O

O
l 

13
0 

88
 

N
A

 
N

D
 

80
00

 
N

A
 

63
8S

B
00

3 
41

} 
13

0 
63

88
80

04
 

N
D

 
13

0 

C
hr

ys
en

e 
63

85
BO

O
I 

lW
 

88
00

0 
N

A
 

22
0 

16
00

00
 

N
A

 
63

85
80

03
 

56
 

21
0 

63
85

BO
O

4 
N

D
 

llO
 

D
ib

en
z{

a,
h)

an
til

ra
cc

ne
 

63
85

B
O

O
I 

48
 

88
 

N
A

 
N

D
 

20
00

 
N

A
 

In
de

no
( 1

,2
, 3

-c
d)

py
re

ne
 

63
85

80
01

 
12

0 
88

0 
N

A
 

N
D

 
14

00
0 

N
A

 
63

85
80

03
 

N
D

 
74

 
63

85
80

04
 

N
D

 
60

 

A
nt

lu
:a

ce
ne

 
63

85
80

01
 

N
D

 
23

00
00

0 
N

A
 

10
0 

12
00

00
00

 
N

A
 

B
en

zo
(g

,h
.i)

pe
ry

ie
ne

 
63

85
B

O
O

I 
11

4 
23

00
00

 
N

A
 

N
D

 
4.

66
E

08
 

N
A

 
63

8S
BO

O
3 

39
 

14
0 

D
i·l

I-<
JC

ty
lp

ht
ha

la
te

 
63

8S
80

01
 

N
D

 
16

00
00

 
N

A
 

13
0 

10
00

00
00

 
N

A
 

bl
S(

2·
E

th
yl

he
xy

l)p
ht

ha
la

te
 

63
8S

80
01

 
N

D
 

46
00

0 
N

A
 

70
0 

36
00

00
0 

N
A

 

Au
o-

ra
nt

fle
ne

 
63

85
aO

O
I 

20
5 

31
00

00
 

N
A

 
85

0 
43

00
00

0 
N

A
 

63
85

aO
O

3 
S(

) 
20

0 
63

8S
B

O
O

4 
N

D
 

14
0 

2·
M

et
hy

ln
ap

th
al

en
e 

63
8S

8O
O

1 
42

 
31

00
00

 
N

A
 

N
D

 
12

60
00

 
N

A
 

Ph
en

an
th

re
ne

 
63

85
80

01
 

11
4 

23
00

00
 

N
A

 
28

0 
13

80
00

0 
N

A
 

10
04

.1
5 



Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A 

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

IO
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

63
8 

A
na

1y
te

s 
D

et
ec

te
d

 in
 S

u
rf

ac
e 

an
d

 S
u

b
su

rf
ac

e 
So

il
 

So
D 

to
 

R
es

id
en

tia
l 

G
ro

un
dw

at
er

 
S

u
rf

ac
e 

RB
e-

Su
rf

ac
e 

S
ub

su
rf

ac
e 

S
S

L
-

Su
bs

ur
fa

ce
 

P
ar

am
et

er
s 

L
oc

at
io

n 
C

on
e.

 
(T

II
Q

=
O

.I
) 

B
ac

kg
ro

un
d 

C
on

e.
 

(D
A

F
=

20
) 

B
ac

kg
ro

un
d 

P
yr

en
e 

63
85

BO
O

I 
21

5 
23

00
00

 
N

A
 

78
0 

42
00

00
0 

N
A

 
63

85
BO

O
3 

52
 

28
0 

63
85

BO
O

4 
N

D
 

15
0 

P
es

ti
ci

de
sl

P
C

B
s 
~g
!!
!&
l 

a1
ph

a.
.:C

hl
or

da
ne

 
63

85
BO

O
I 

!lA
S

 
18

00
 

N
A

 
N

D
 

10
00

0 
N

A
 

63
88

BO
O

3 
1.

9 
N

D
 

ga
m

m
a-

C
hl

or
da

ne
 

63
85

BO
O

I 
4

0
5

 
18

00
 

N
A

 
N

D
 

10
00

0 
N

A
 

63
85

B
00

3 
3.

6 
N

D
 

4.
4'

-D
D

D
 

63
88

B
O

O
I 

35
.5

 
27

00
 

N
A

 
N

D
 

I(i
()(

)()
 

N
A

 
63

85
B

00
3 

M
, 

19
 

4,
4'

-D
D

E
 

63
85

B
O

O
I 

76
 

19
00

.0
 

N
A

 
N

D
 

54
00

0 
N

A
 

63
85

B
00

3 
11

 
38

 

4,
4'

-D
D

T
 

63
85

B
O

O
I 

15
 

19
00

 
N

A
 

N
D

 
32

00
0 

N
A

 
63

85
80

03
 

6 
N

D
 

H
ep

ta
ch

lo
r 

ep
ox

id
e 

63
85

BO
O

I 
2.

8 
70

 
N

A
 

N
D

 
70

0 
N

A
 

M
el

by
ox

yc
hl

O
t 

63
8S

llo
o1

 
IH

I 
39

00
0 

N
A

 
N

O
 

16
00

00
 

N
A

 

D
io

xi
ns

 (
ng

ik
g)

 

D
io

xi
n 

(2
,3

,7
,8

-T
eD

D
 T

E
Q

')'
 

63
8S

llo
o1

 
11

.32
0$

 
10

00
 

N
A

 
N

T
 

19
00

 
N

A
 

10
.4

.1
6 



Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
N

A 
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
IO

 -
Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

63
8 

A
na

ly
te

s 
D

et
ec

te
d 

in
 S

ur
fa

ce
 a

n
d

 S
ub

su
rf

ac
e 

So
il 

S
oi

l t
o 

R
es

id
en

ti
al

 
G

ro
un

dw
at

er
 

S
u

rf
ac

e 
R

B
C

* 
S

u
rf

ac
e 

Su
bs

ur
fa

ce
 

S
S

L
* 

Su
bs

ur
fa

ce
 

P
ar

am
et

er
s 

L
oc

at
io

n 
C

on
e.

 
(T

II
Q

=
O

.I
) 

B
ac

kg
ro

un
d 

C
on

e.
 

(D
A

F
=

2O
) 

B
ac

kg
ro

un
d 

In
or

ga
ni

cs
 (

m
gl

kg
) 

A
lu

m
in

um
 (

A
I)

 
63

88
B

O
O

I 
63

20
 

78
00

.0
 

18
70

0 
12

90
0 

10
00

00
0 

23
60

0 
63

85
B

O
O

2 
94

00
 

N
T

 
63

88
B

00
3 

66
00

 
15

20
0 

63
85

B
O

O
4 

56
6G

 
30

90
0 

A
rs

en
ic

 (
A

s)
 

63
85

B
O

O
I 

10
.9

 
0.

43
 

17
.2

a 
8.

7 
29

 
15

.5
a 

63
85

BO
O

2 
13

.0
 

N
T 

63
85

B
00

3 
6.

9 
14

.6
 

63
85

BO
O

4 
6.

0 
15

 

B
ar

iu
m

 (
B

a)
 

63
8S

B
O

O
I 

41
 

55
0.

0 
10

9 
24

 
16

00
 

64
.S

 
63

8S
B

00
2 

23
.2

 
N

T
 

63
85

80
03

 
18

.9
 

34
.1

 
63

8S
B

00
4 

20
.2

 
44

.3
 

B
er

yl
liu

m
 (

B
e)

 
63

85
B

O
O

I 
0.

56
5 

0.
15

 
1.

20
 

0.
81

 
63

 
1.

63
 

63
85

BO
O

2 
0.

50
 

N
T

 
63

85
B

00
3 

0.
36

 
0.

84
 

63
85

BO
O

4 
0.

30
 

1.
6 

C
ad

m
iu

m
 (

C
d)

 
63

8S
B

O
O

I 
2

.6
 

3.
9 

J.
{)

1 
0.

20
 

8 
0.

48
 

63
8S

B
00

3 
Q

.1
6 

0.
21

 
63

8S
B

O
O

4 
Q

.1
7 

N
D

 

C
al

ci
um

 (
C

a)
 

63
85

80
01

 
27

20
0 

N
L 

N
L

 
26

10
0 

N
L 

N
L 

63
85

BO
O

2 
23

40
 

N
T 

63
85

B
00

3 
30

50
0 

14
60

0 
63

85
B

O
O

4 
31

80
 

60
20

 

10
04

.1
7 



Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A 

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

IO
 -

Si
te

·S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

63
8 

A
na

ly
te

s 
D

et
ec

te
d 

in
 S

u
rf

ac
e 

an
d

 S
u

b
su

rf
ac

e 
So

n 

S
oi

l 
to

 
R

es
id

en
ti

al
 

G
ro

un
dw

at
er

 
Su

rf
ac

e 
R

B
C

" 
Su

rf
ac

e 
Su

bs
ur

fa
ce

 
S

S
L

" 
Su

bs
ur

fa
ce

 
Pa

ra
m

et
er

s 
L

oc
at

io
n 

C
on

e.
 

('1
'II

Q
=O

.I
) 

B
ac

kg
ro

un
d 

C
on

e.
 

(D
A

F
=

20
) 

B
ac

kg
ro

un
d 

C
h

ro
m

iu
m

 {
e

r)
 

63
85

80
01

 
2

3
.9

 
39

 V
I 

42
.8

 
27

.9
 

10
00

00
0 

43
.4

' 
63

8S
8O

O
2 

17
.1

 
7

8
0

0
m

 
N

T
 

63
88

80
03

 
15

.7
 

30
.1

 
63

85
80

04
 

1(
}.

4 
47

.8
 

C
ob

al
t (

C
o)

 
63

85
80

01
 

4.
25

 
47

0.
0 

6.
60

 
4.

1 
2(

}o
o 

8.
14

 
63

85
80

02
 

1.
9 

N
T

 
63

85
80

03
 

1.
3 

4.
1 

63
85

80
04

 
1.

2 
8.

3 

C
op

pe
r 

(C
o)

 
63

8S
B

00
1 

41
7 

27
(}

oo
 

26
0 

18
 

92
0 

32
.6

 
63

8S
B

00
2 

8.
3 

N
T

 
63

8S
B

00
3 

15
.6

 
14

1 
63

8S
B

O
O

4 
9.

9 
28

.6
 

Ir
on

 (
F

e)
 

63
85

80
01

 
10

02
5 

23
00

 
N

L 
20

10
0 

N
L 

N
L 

63
85

80
02

 
14

90
0 

N
T

 
63

85
80

03
 

49
80

 
l7

l0
0 

63
85

80
04

 
76

00
 

34
10

0 

L
ea

4(
pb

) 
63

8S
B

O
O

I 
14

8.
5 

40
0.

0 
18

1 
20

.7
 

66
.3

 
63

8S
B

00
2 

17
.7

 
N

T 
63

8S
B

00
3 

25
.1

 
76

.1
 

63
8S

B
O

O
4 

83
.9

 
50

.7
 

M
ag

ne
si

um
 (

M
g)

 
63

85
80

01
 

13
70

 
N

L
 

N
L 

35
90

 
N

L
 

N
L 

63
85

80
02

 
11

70
 

N
T

 
63

85
80

03
 

13
70

 
33

00
 

63
85

80
04

 
62

4 
54

00
 

10
.4

.1
8 



Zo
ne

 G
 R

eR
A

 F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
on

 
N

A 
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
10

 -
Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

 6
38

 
A

na
ly

te
s 

D
et

ec
te

d 
in

 S
ur

fa
ce

 a
nd

 S
ub

su
rf

ac
e 

So
il 

SO
U 

to
 

R
es

id
en

tia
l 

G
ro

u
n

d
w

at
er

 
Su

rf
ac

e 
R

B
C

-
Su

rf
ac

e 
Su

bs
ur

fa
ce

 
S

S
L

-
Su

bs
ur

fa
ce

 
P

ar
am

et
er

s 
L

oc
at

io
n 

C
on

e.
 

(T
H

Q
=

O
.I

) 
B

ac
kg

ro
un

d 
C

on
e.

 
(D

A
F

=
20

) 
B

ac
kg

ro
u

n
d

 

M
an

ga
ne

se
 <

M
nl

 
63

85
80

01
 

12
2.

5 
IS

O
.O

 
32

5 
25

6 
11

00
 

29
1 

63
88

B
O

O
2 

12
6 

N
T

 
63

85
80

03
 

54
.7

 
14

1 
63

85
B

O
O

4 
77

.1
 

45
9 

M
er

cu
ry

 (
H

g)
 

63
8S

B
00

1 
0.

75
5 

2.
3 

1.
03

 
0.

35
 

2.
1 

0.
31

 
63

8S
BO

O
2 

0.
08

 
N

T
 

63
85

B
00

3 
0.

06
 

0.
53

 
63

8S
BO

O
4 

0.
06

 
0.

20
 

N
ic

ke
l (

N
i)

 
63

8S
BO

O
I 

19
.9

5 
16

0.
0 

20
.6

 
9.

8 
13

0 
18

.3
 

63
8S

B
O

O
2 

3.
6 

N
T

 
63

8S
B

O
O

3 
8.

0 
10

.2
 

63
8S

B
O

O
4 

2.
7 

13
.7

 

Po
ta

ss
iu

m
 (

K
) 

63
8S

80
01

 
56

6 
N

L 
N

L 
21

30
 

N
L 

N
L 

63
8S

BO
O

2 
64

7 
N

T 
63

85
80

03
 

37
5 

17
30

 
63

85
BO

O
4 

34
5 

26
30

 

5e
le

ni
un

t (
S~

) 
63

SS
BO

O
I 

0.
52

5 
M

.O
 

1.
22

 
1.

3 
1.

26
 

63
SS

BO
O

2 
0.

46
 

N
T 

63
8S

BO
O

> 
0.

75
 

1.
4 

63
8S

B
O

O
4 

0.
76

 
2.

0 

So
di

um
 (

N
a)

 
63

8S
BO

O
I 

53
6.

5 
N

L 
N

L 
16

20
 

N
L 

N
L 

63
8S

BO
O

2 
30

5 
N

T 
63

8S
B

00
3 

N
D

 
11

10
 

T
ha

lli
um

 (
T

I)
 

63
8S

BO
O

I 
N

D
 

0.
63

 
0.

85
 

0.
7 

0.
95

 
11

.9
5 

10
04

,1
9 



P
ar

am
et

er
s 

L
oc

at
io

n 

T
in

 (S
n)

 
63

8S
B

00
3 

63
8S

BO
O

4 

V
an

ad
iu

m
 (

V
) 

63
88

B
O

O
I 

63
8S

BO
O

2 
63

8S
B

00
3 

63
8S

B
O

O
4 

Z
in

c 
(Z

n)
 

63
8S

BO
O

I 
63

8S
BO

O
2 

63
8S

B
00

3 
63

8S
BO

O
4 

N
ot

es
: 

a 
B

ac
kg

ro
un

d 
va

lu
e 

fo
r 

no
n-

cl
ay

 s
am

pl
es

 

T
ab

le
 1

0.
4.

4 
Z

on
eG

 
A

O
C

63
8 

A
na

ly
te

s 
D

et
ec

te
d.

 in
 S

ur
fa

ce
 a

nd
 S

ub
su

rf
ac

e 
So

il 

S
u

rf
ac

e 
C

on
e.

 6.
0 

6.
1 

23
.2

 
26

.6
 

13
.9

 
16

.6
 

30
8 60

.2
 

48
.2

 
33

.9
 

R
es

id
en

tia
l 

R
B

C
· 

(T
H

Q
=

O
.I

) 

47
00

 

55
.0

 

23
00

.0
 

Su
rf

ac
e 

B
ac

kg
ro

un
d 

9.
67

 

60
.9

 

51
9 

Su
bs

ur
ra

ce
 

C
on

e.
 10

.11
 

11
.1

 

41
.:1

 
N

T
 

40
.'7

 
76

.8
 

59
.:5

 
N

T
 

14
4 

12
1 

Zo
ne

 G
 R

C
R

A
 F

ac
ili

ty
 l

nv
es

tig
al

io
n 

R
ep

on
 

N
A 

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

JO
 -

Si
te

-S
pe

ci
fic

 E
va

lu
at

io
ns

 
R

ev
is

io
n:

 0
 

So
U

to
 

G
ro

un
dw

at
er

 
SS

L
· 

(D
A

F
=

20
) 

11
00

0 

60
00

 

12
00

0 

Su
bs

ur
fa

ce
 

B
ac

kg
ro

1U
1d

 

2.
96

 

72
.5

 

14
5 

• 
R

es
id

en
tia

l R
BC

s 
(T

II
Q

=O
.l)

 w
er

e 
us

ed
 a

s 
a 

:r
ef

er
en

ce
 c

on
ce

nt
ra

tio
n 

fo
r 

up
pe

r 
in

te
rv

al
 s

am
pl

es
. 

G
en

er
ic

 s
oi

l-t
o-

-g
ro

un
:lw

at
er

 S
S

ts
 (D

A
F

=2
0)

 f
ro

m
 t

he
 S

oi
l S

cr
ee

ni
ng

 G
ui

da
nc

~~
 T

ec
hn

ic
al

 
B

ac
kg

ro
un

d 
D

oc
um

en
t (

U
SE

PA
. 

19
96

b)
 w

eI"
!: 

us
ed

 a
s 

a 
re

fe
re

nc
e 

co
nc

en
tr

at
io

n 
fo

r 
lo

w
er

 in
te

rv
al

 s
am

pl
es

 
1 

C
al

cu
la

te
d 

fr
om

 m
et

ho
ds

 d
es

cr
ib

ed
 in

 U
SE

PA
 I

nt
er

im
 S

up
pl

em
en

ta
l G

ui
da

nc
e 

to
 R

A
G

S:
 H

um
an

 H
ea

lth
 R

is
k 

A
su

ss
m

en
t. 

B
ul

le
tin

 2
 (

U
SE

P
A

, 
19

95
c)

 
N

D
 

N
ot

 d
et

ec
te

d 
N

T
 

N
ot

 t
ak

en
 

N
L

 
N

ot
 li

st
ed

 
N

A
 

N
ot

 a
pp

lic
ab

le
 

Bo
ld

ed
 c

on
ce

nt
ra

tio
ns

 e
xc

ee
d 

bo
th

 th
e 

re
fe

:r
en

ce
 c
on

ce
nt

ra
l~

on
 (

R
B

e 
or

 S
SL

) 
an

d 
th

e 
zo

ne
 b

ac
kg

ro
un

d 
A

ll 
ba

ck
gr

ou
nd

 v
al

ue
s 

fo
r 

Z
on

e 
G

 ar
e 

ba
S4

:d
 o

n 
tw

ic
e 

th
e 

m
ea

ns
 o

f t
he

 g
ri

d 
sa

m
pl

e 
co

nc
en

tr
at

io
ns

 

10
.4

.2
0 



Volatile Organic Compounds in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section IO - Site-Specific Evaluations 
Revision: 0 

No VOCs were detected in AOC 638 surface soil samples. Four VOCs were detected in AOC 638 2 

subsurface soil samples. Three of the subsurface detections were from the same sample 3 

(638SBOO4). No subsurface soil VOC concentrations exceeded their respective SSL. 4 

Semi volatile Organic Compounds in Soil 5 

Twelve SVOCs were detected in surface soil samples at AOC 638. Benzo(a)pyrene exceeded its 6 

respective RBC in one surface soil sample at this AOC. Figure 10.4-4 presents the total BEQ 7 

concentrations detected in surface soil at AOC 638. 8 

Thirteen SVOCs were detected in subsurface soil samples at AOC 638. No SVOCs in subsurface 9 

soil exceeded their respective SSL. 10 

Pesticides and PCBs in Soil 11 

Seven pesticides were detected in surface soil samples at AOC 638. No pesticides in surface soil 12 

exceeded their respective RBC. Two pesticides were detected in subsurface soil samples at 13 

concentrations below their respective SSLs. No PCBs were detected in either surface or 14 

subsurface soil samples. 15 

Other organic compounds 16 

Dioxin (2,3,7,8-TCDD TEQ) was detected in one surface soil duplicate sample below the RBC 17 

for this parameter. 18 

Inorganic Elements in Soil 19 

Twenty-one metals were detected in surface soil samples collected at AOC 638. Twenty-two 20 

metals were detected in subsurface soil samples collected at AOC 638. No metals were detected 21 

10.4.21 
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Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section IO - Site-Specific Evaluations 
Revision: 0 

in either surface or subsurface soils at concentrations exceeding the greater of their respective 

RBCs/SSLs and background concentrations for Zone G surface or subsurface soils. Iron was 2 

detected above its RBC but because it is considered an essential nutrient no background 3 

concentration has been established. 4 

10.4.4 Groundwater Sampling and Analysis 5 

The approved final RFI work plan proposed the installation and sampling of one shallow 6 

monitoring well within the AOC 638 area to: (1) assess groundwater quality, and (2) identify 7 

contaminants which may be migrating from the site in the shallow aquifer. During the field 8 

investigation, the proposed well was installed at approximately 12.4-ft bgs in the upper sand layer 9 

of the Wando Formation. In accordance with the approved final RFI work plan, the sample 10 

collected from this well was analyzed for metals, pesticides/PCBs, SVOCs, and VOCs at DQO 11 

Level III. This sample was also analyzed for cyanide. Table 10.4.5 summarizes the AOC 638 12 

groundwater samples and analyses. 13 

WeUNumber WeUDepth 

638001 Shallow 

Note: 

Table 10.4.5 
ZoneG 

AOC 638 
Groundwater Samples and Analyzes 

Sample Identifier Date Sampled 

63800101 IIm196 

SW-846 (metals, pesticides/PCBs, SVOCs. VOCs), cyanide at DQO Level III. 

10.4.4.1 Nature of Contamination in Groundwater 

Analyzes Remarks 

See note 

Inorganic analytical results for groundwater are summarized in Table 10.4.6. Table 10.4.7 2 

summarizes all analytes detected in groundwater at AOC 638. Appendix D contains a complete 3 

analytical data report for all Zone G samples collected. 4 

10.4.23 
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Volatile Organic Compounds in Groundwater 

Zone G RCRA Faciliry Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

No VOCs were detected during the first-round of groundwater sampling at AOC 638. 

Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in shallow groundwater at AOC 638. 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in shallow groundwater at AOC 638. 

Inorganic Elements in Groundwater 

2 

4 

6 

7 

8 

9 

10 

Nine metals were detected in shallow groundwater at AOC 638. No metals detected in the II 

first-quarter groundwater sampling results exceeded their respective tap water RBCs or Zone G 12 

shallow groundwater background concentration. Iron was detected at concentrations exceeding 13 

its tap water RBC. No background concentration was calculated because iron is considered an 14 

essential nutrient. IS 

16 

10.4.5 Fate and Transport Assessment 17 

AOC 638 was used as a torpedo workshop from 1944 until 1991. From 1991 to 1995, the Public 18 

Works Department used the site for equipment and parts storage. Environmental media sampled 19 

as part of AOC 638 include surface soil, subsurface soil, and shallow groundwater. Potential 20 

constit'Jent migration patlnvays investigated for ii,.OC 638 include scil-tc~ground\vater, 2l 

groundwater-to-surface water, and emission of volatiles from surface soil to air. 22 

23 

10.4.5.1 Soil-to-Groundwater Cross-Media Transport 24 

Table 10.4.8 compares maximum detected organic constituent concentrations in surface soil and 2S 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 26 

For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil 27 

10.4.27 



Table 10.4.8 
Chemica!.~ Detet:ted in Su .. f~ce Soil. Sub~u..+..ce Soil. a.'ld Shallow C-rmmdwater 
Comparison to SSLs, Tap Water RBCs. Saltwater Surface Water Chronic Screening Levels. and BBckground Concentrations 
NA VBASE Charleston, Zone G; AOC 638 
Charleston. South Carolina 

Max. Concenl:n!.tion Max. Concentr.ltion Screening Concentration • 
Soil to Saltwater 

Surface Subsurface Shallow Ile<p GW Tap Water Surf. Wtr. Soil Water 
Parameter Soil Soil GW GW SSL RBe Chronic Units Uoits 

Volatile 0ra:anic Compounds 
Acetone NO 120 NO NA 16000 3700 NA ,,",,0 UGC 

Carbon disulfide NO 2 NO NA 32000 1000 NA """" UG< 

Methylene chloride NO \0 NO NA 20 4 I 2560 """0 UGC 

Trichloroetbene NO 3 NO NA 60 1.6 NA """'0 UG< 

Semivolatile Organic Compounds 
Anthracene NO 100 NO NA 12000000 11000 NA """,0 UG< 

Benzo(g,h,i)perylene 114 140 NO NA 466E+08 1500 NA """0 UG< 

Benzo(a)pyrene equivalents 
Benzo(a)anthntcene 99 210 NO NA 2000 0.092 NA 00<0 001. 

Beozo(a)pyrcnc 130 \30 NO NA 8000 0.0092 NA """0 UGC 

Benzo(b )fluoranthene 185 \80 NO NA 5000 0.092 NA """0 001. 

BenzoCK)iiuoranlhene i50 i40 hI) NA 49000 0.92 NA OOKO 001. etuy=. 190 220 NO NA 160000 9.2 NA """0 """-
Diben:ro( a,h )anthntcene 48 NO NO NA 2000 0.0092 NA """,0 UG< 

lndeno(l.2,3-<:d)pyrene 120 74 NO NA 14000 0.092 NA """,0 UG< 

DI-n-octylphtbalate NO 130 NO NA 10000000 730 NA "",,,0 uo.t. 

bis(2-Ethylhexyl)phthalate (BEHP) NO 700 NO NA 3600000 4.8 NA """0 """-
Fiuoranthene 205 850 NU NA -4300000 i500 i.6 """0 UGC 

2-Methylnaphthalene 42 NO NO NA 126000 1500 NA "",,0 UG1. 

Phenanthrene 114 280 NO NA 1380000 1500 NA """0 UGC 

Py=. 215 780 NO NA 4200000 1100 NA OOKO UGC 

PesticidC!ilPCB Compounds 
a1pha.chlordane 9.5 NO NO NA 10000 0.19 0.004 ,,",,0 ""'-
gamma-chlordane 40.5 NO NO NA 10000 0.19 0.004 "",,0 ""'-

.4'-DDD 35.5 19 NO NA 16000 0.28 0.025 001<0 001. 

4,4'-DDE 76 38 NO NA 54000 0.2 0.14 OOKO ""'-
4,4'-OOT 15 NO NO NA 32000 02 0.001 """'0 UGC 

Heptachlor epoxide 2.8 NO NO NA 700 0.0012 0.0036 """'0 UGC 

M~thoxychlor 110 NO NO NA 160000 180 0.03 """'" 001. 

Dioxin Compounds 
Dioxin creDO TEQ) 0.3205 NA NA NA 1900 0.45 10 NG1(;O PG1. 

Inorg.ni( Compounds 
Aluminum 9400 30900 26.7 NA 1000000 37000 NA ""'"' UGC 

Arsenic \3 15 5.1 NA '9 17.8 36 MGKQ ""'-
Barium 41 44.3 23.8 NA 1600 2600 NA """'0 001. 

Beryllium 0,57 1.6 NO NA 63 0.016 NA """'" 001-

Cadmium 2.6 0.21 NO NA 8 18 9.3 -" UG.1. 

Chromium (total) 23.9 47.8 NO NA 1000000 \80 50 MOIKO UG1. 

Cobalt 4.3 8.3 NO NA 2000 2200 NA MOO'" ""'-
Copper 417 141 NO NA 920 \30000 8.33 -" ""'-
Lead 149 76.1 NO NA 400 15 8.5 """'" ""'-
Manganese 126 459 196 NA 1100 2906 NA MG1<" 001. 

Mercury 0.76 0.53 NO NA 2.1 II 0.025 """'" UGC 

NIckel 20 13.7 NO NA 130 730 21.7 """'" UGC 

Selenium 0.76 2 NV NA S 180 7i MQtX.o ""'-
Thalliwn NO 0.7 NO NA 0.95 2.9 21.3 MG1(" ""'-

" 
6.1 11.1 NO NA 11000 22000 NA MO<KO """-

Vanadium 26.6 768 NO NA 6000 260 NA MO<KO ""'-
Zinc 308 144 NO NA 12000 11000 86 MMtO 001-

• Screening Concentrations: 
SOIl to GW - Generic SSLs based on OAF "" 20. from 1996 Soil Screening GuIdance or calculated using values from Table 6.4 
Tap Water RBC - From EPA Region m Risk-Based Concentration Table, October 22, 1997 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Co.cern 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Sail Water Surface Waler Chronic - From EPA Supplemental Guidance to RAGS: Region IV Bulletins, Ecological Risk Assessment, November, 1995; Table 2 
For Inorganics, the vaJue shown is the greater of the relevant screening value or the corresponding background value. 

NA - Not availableINot applicable 
ND - Not detected 
RBe - RISk based concenlratlOD 
SSL - SOli screening level 
MGIKG· Milligr.uns per kilogram 
NGlKG . Nanograms per kilogram 
PGlL· Picograms per hter 
UGIKG· Micrograms per kilogram 
VGIL - Micrograms per liter 
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screening levels, or (b) background concentrations for subsurface soil. To provide a conservative 

screen, generic soil screening levels are used; leachate entering the aquifer is assumed to be 2 

diluted by a ratio of20:1, with no attenuation of constituents in soil (DAF=20). 3 

4 

No inorganic parameters nor organic compounds were detected in site soil above applicable SSLs. 5 

Consequently, no significant residual mass remains onsite which poses a threat to groundwater 6 

quality. Due to the absence of any analytes present above SSLs, this pathway is invalid for this 7 

site. 8 

9 

10.4.5.2 Groundwater-to-Surface Water Cross-Media Transport 10 

Table 10.4.8 also compares maximum detected organic constituent concentrations in shallow II 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 12 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 13 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 14 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 15 

groundwater, as well as to the saltwater/surface water chronic values. To provide a conservative 16 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 17 

the relevant standards. 18 

19 

No inorganic constituents nor organic compounds were detected above applicable RBCs or surface 20 

water screening values. Consequently, this pathway is cOfl.-Sidered Lnvalid for this site, 21 

22 

10.4.5.3 Soil-to-Air Cross-Media Transport 23 

None of the VOCs were reported at a maximum concentration exceeding their corresponding 24 

soil-to-air volatilization screening level. As a result, the soil-to-air migration pathway is not valid 25 

at AOC 638. 26 

10.4.29 



10.4.5.4 Fate and Transport Summary 
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Environmental media sampled at AOC 638 included surface and subsurface soil and shallow 2 

groundwater. While a number of parameters were detected in these samples, none were present 3 

at concentrations above their applicable SSLs. As a result, the soil-to-groundwater pathway is 4 

considered invalid at this site. Additionally, no analytes were detected above RBCs and surface 

water screening criteria in shallow groundwater, and as a result the groundwater-to-surface water 6 

pathway is also considered invalid. No VOCs were detected above their applicable soil-to-air 7 

volatilization concentrations, and this pathway is considered invalid as well. 8 

9 

10.4.6 Human Health Risk Assessment 10 

10.4.6.1 Site Background and Investigative Approach II 

AOC 638 is a former torpedo workshop that was located at Building 132, which was in operation 12 

from 1944 to 1991. 13 

14 

During the CSI, a total of four soil borings were advanced to identify potential impacts resulting 15 

from the activities listed above. Surface soil data was used to quantitatively assess the direct 16 

contact soil exposure pathways. Contaminants reported in subsurface soil via cross media transfer 17 

were assessed in the previous section, Fate and Transport Assessment. One monitoring well was 18 

installed in the shallow aquifer. Data from the initial sampling event were used to quantitatively 19 

assess groundwater exposure pathways. Sections 10.4.3 and 10.4.4 provide summaries of the 20 

sampling effort for AOC 638 soil and groundwater. 

10.4.6.2 cope Identification 

Soil 

21 

22 

23 

24 

Based on the screening comparisons described in Section 7 of this RFI and presented in 25 

Table 10.4.9, BEQs were identified as COPCs for surface soil. Aluminum, arsenic, and 26 

beryllium were detected at maximum concentrations exceeding their RBCs but below their 27 

10.4.30 



Table 10 .... 9 
Chemicals Present In SHe Samples 
AOC 638 • Surface 5011 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Frequency 
of 

Parameter Detection 

Carcinogenic PAHs 
S(a)P EqulV . 3 4 
8enzo{a)anthracene 1 4 
8enzo{a)pyrene . 2 4 
Benzo(b)fluoranthene 1 4 
8enzo(k)fluoranthene 3 4 
Chrysene 2 4 
Dlbenz(a,h)anthracene 1 4 
Indeno(1,2,3-cd)pyrene 1 4 

TCOD Equivalents 
1234678.HpCOO 1 1 
1234678-HpCOF 1 1 
123478·HxCOF 1 1 

Range 
of 

Detection 

046 22009 
99 99 
49 130 

185 185 
46 150 
56 190 
48 48 

120 120 

10.6 10.6 
754 754 

0751 0751 
DIQ)on EqulV 1 1 03205 03205 
OCDD 1 1 
OCDF 1 1 

Inorganlcs 
Aluminum (AI) 4 4 
Arsenic (As) 4 4 
Banum (Ba) 4 4 
Beryllium (Be) 4 4 
cadmium (Cd) 3 4 
CalCium (Ca) 4 4 
Chromium (Cr) 4 4 
Cobalt (Co) 4 4 
Copper (Cu) 4 4 
Iron (Fe) 4 4 
Lead (Pb) 4 4 
Magnesium (Mg) 4 4 
Manganese (Mn) 4 4 
Mercury (Hg) 4 4 
Nickel (Nil 4 4 
Potassium (K) 4 4 
Selenium (Se) 4 4 
Sodium (Na) 2 4 

In (Sn) 2 4 
Vanadium (V) 4 4 

Inc (In) 4 4 

Pesticides 
4,4'·000 2 4 
4,4'·ODE 2 4 
4,4'·DDT 2 4 
alpha·Chlordane 2 4 
gamma·Chlordane 2 4 
Heptachlor epoxlde 1 4 
Methoxychlor 1 4 

Semlvolatlle Organics 
2·Methylnaphthalene 1 4 
Benzo(g,h,l)perylene 2 4 
Fluoranthene 2 4 
Phenanthrene 1 4 
IPvrene 2 4 

Notes 
,. • Indicates chemical was Identified as a COPC 
SQL - Sample quantrtatlon limrt 
RBC • Rlsk·based concentration 
UGIKG • micrograms per kilogram 
NG/KG - nanograms per kilogram 
MG/KG • milligrams per kilogram 
NA • Not applicable or not available 

58 58 
597 597 

5660 9400 
6 13 

189 41 
03 0565 

016 26 
2340 30500 
104 239 

1 2 425 
83 417 

4980 14900 
177 148 5 
624 1370 
547 126 
006 0755 
27 1995 

345 647 
046 076 
305 5365 

6 6 1 
139 266 
339 308 

66 355 
11 76 

6 15 
1 9 945 
36 405 
28 28 
110 110 

42 42 
39 114 
50 205 

114 114 
52 215 

Average Range Screening Concentration Number 
Detected of Residential Exceeding 

Concentration SQL RBC Background Units RBC Bkgd 

90132 831 96 83196 88 NA UGIKG 1 
99 360 450 880 NA UGIKG 

895 360 450 88 NA UGIKG 1 
185 360 450 880 NA UGIKG 

91 6667 360 360 8800 NA UGIKG 
123 360 450 88000 NA UGIKG 

48 360 450 88 NA UGIKG 
120 360 450 880 NA UGIKG 

106 NA NA NA NA NGIKG 
7.54 NA NA NA NA NGIKG 

0751 NA NA NA NA NGIKG 
03205 NA NA 1000 NA NGIKG 

58 NA NA NA NA NGIKG 
597 NA NA NA NA NGIKG 

6995 NA NA 7800 18700 MGIKG 1 
92 NA NA 043 172 MGIKG 4 

25,825 NA NA 550 109 MGIKG 
04313 NA NA 0.15 1.2 MGIKG 4 
09767 005 005 39 107 MGIKG 1 
15805 NA NA NA NA MGIKG 

16775 NA NA 39 428 MGIKG 
21625 NA NA 470 6.6 MGIKG 
1127 NA NA 27000 260 MGIKG 1 

937625 NA NA NA NA MGIKG 
68.8 NA NA 400 181 MGIKG 

11335 NA NA NA NA MGIKG 
95075 NA NA 180 325 MGIKG 
02388 NA NA 23 1.03 MGIKG 
85625 NA NA 160 206 MGIKG 
48325 NA NA NA NA MGIKG 
06238 NA NA 39 122 MGIKG 
42075 155 271 NA NA MGIKG 

605 1 7 5.3 4700 967 MGIKG 
20075 NA NA 55 609 MGIKG 

112575 NA NA 2300 519 MGIKG 

2105 27 3.4 2700 NA UGIKG 
435 27 34 1900 NA UGIKG 
105 27 34 1900 NA UGIKG 

5675 1 4 18 1800 NA UGIKG 
2205 1 4 18 1800 NA UGIKG 

28 14 18 70 NA UGIKG 
110 14 18 39000 NA UGIKG 

42 360 450 310000 NA UGIKG 
765 360 450 230000 NA UGIKG 

1275 360 450 310000 NA UGIKG 
114 360 450 230000 NA UG/KG 

1335 360 450 230000 NA UG/KG 
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background concentrations. These inorganics were therefore eliminated from further consideration 

in the AOC 638 HHRA. Wilcoxon rank sum test analyzes did not result in the inclusion of any 2 

parameter that had been screened out on the basis of background concentration. 3 

4 

Groundwater 5 

As shown in Table 1004.10, no COPCs were identified for AOC 638 shallow groundwater. 6 

Arsenic and manganese were detected at maximum concentrations exceeding their RBCs but not 7 

exceeding their background concentration. These inorganic parameters were therefore eliminated 8 

frem furt .. lter consideration in the .,ALoe 638 HHRi\.. 4"'\ ... '1 insufficient number of groundwater 9 

samples were collected to perform Wilcoxon rank sum test analyses; therefore these analyses were 10 

not performed for AOC 638 groundwater. 11 

12 

10.4.6.3 Exposure Assessment 13 

Exposure Setting 14 

AOC 638 is in a moderately developed urban setting, approximately 450 feet south of the 15 

waterfront along the Cooper River. This site comprises Building 132 and the surrounding parcels 16 

of grass. All potable water is provided through the city's water supply. Shallow groundwater at 17 

the site is not currently nor anticipated to be used in the future as potable or process water. 18 

19 

Potentially Exposed Populations 20 

Potentially exposed populations are current and future site workers, hypothetical future site 21 

residents, and adolescent trespassers. Future site resident and site worker exposure scenarios were 22 

addressed quantitatively in this risk assessment. Current exposure to workers is discussed 23 

qualitatively in relation to the future workers and future residents. The hypothetical future site 24 

worker scenario assumes continuous exposure to surface soil conditions. Current site workers' 25 

exposure would be less than that assumed for the hypothetical future site worker scenario because 26 

10.4.32 
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of their limited soil contact. Therefore, future worker assessment is considered to be 

conservatively representative of current site workers. The location of the site does not allow 2 

convenient access to potential trespassers. Since future use of the site is uncertain, the adolescent 3 

trespasser was qualitatively addressed relative to the child resident. The future site resident 4 

scenario was built on the premise that existing buildings would be removed and replaced with 5 

dwellings. 6 

7 

Exposure Pathways 8 

Exposure pathways for the hypothetical future site residents and site workers are dermal contact 9 

and incidental ingestion of surface soils. Uniform exposure was assumed for all sample locations. 10 

The groundwater pathways were excluded because there were no COPCs identified. 11 

Table 10.4.11 presents the justification for exposure pathways assessed in this HHRA. 12 

13 

Exposure Point Concentrations 14 

Since less than ten samples were collected, the maximum detected concentration was used as 15 

EPCs, as discussed in Section 7 of this RFI. 

Quantification of Exposure 

Soil 

16 

17 

18 

19 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.4.12 and 10.4.13, 20 

respectively. 21 

22 

10.4.6.4 Toxicity Assessment 23 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.4.14 24 

presents toxicological information specific to each COPC identified at AOC 638. This information 25 

was used in the quantification of risk/hazard associated with soil contaminants. Brief toxicological 26 

profiles for each COPC are provided in the following paragraphs. 27 

10.4.34 



Potentially Exposed 
Population 

Current Land Uses 

CI,ment Site 
UsersiMaintenance-

Future '.aDd ITsrs 

Future Site Residents. 
Site Worker, 
Trespassers 

Table 10.4.11 
ZoneG 

AOC638 
Exposure Pathways Summary 

Mediwn and Exposure 
Pathway 

Air, Inhalation of gaseous 
contaminants emanating from 
soil 

Air. Inhalation of chemicals 
entrained in fu~itive dust 

Shallow groundwBter, 
Ingestion of contaminants 
during potlbJe or general use 

Shallow groundwater. 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil. Incidental ingestion 

Soil, Dermal contact 

Air, Inhalation of gaseous 
contaminants emanating from 
soil 

Air. Inhalation of <;bemical~ 
-entrained in fugitive dust 

Shallow groundwater. 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

Soil, Incidental ingestion 

Soil. Dermal contact 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contamination 

Fruits and vegetables. 
Ingestion of plant tissues 
grown in media 

Pathway Selected for 
Evaluation? 

No 

No 

No 

No 

No (Qualified) 

No (Qualified) 

No 

No 

No 

Yes 

Yes 

No 

No 
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Reason for Selection or Exclusion 

Pate and transpolt screening did not identifY any 
copes for this indirect exposure pathway. 

This cltposure pathway was considered 
insis:nificant compared to the other pathways. 

Shallow groundwater is not currently used as a 
source of potable or process water at AOC 638. 

ShaUow groundwater is not currently used as a 
source of potable or process water at AOe 638. 

Future land use ASsessment is considered to be 
conservatively representative .of current receptors. 

Future land use assessment is considered to be 
conservatively representative of current receptors. 

Fate and transport screening did not identify any 
COPCs for this indirect exposure pathway. 

This f;XPOsure PJthway was considered 
ill$igniliCa)lt c;<)I1lpared to !he other pathways. 

No COPCs were identified for shallow 
groundwater based on conservative screening. 

No COPCS were l4entifi~ fyr shallow 
groundwater based on conservative screening. 

copes were identified subsequent to risk-based 
and back~ruund screening comparisons. 

cope, were identified subsequent to risk-based 
and background screening c-omparisons. 

Hunting/taking of game andIor raising livestock is 
prohibited within the Charleston. South Carolina 
city limits. 

The potential for significant exposure via this 
pathway is low relative to that of other exposure 
pathways assessed. 
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BEQs include the following list of PAHs: 

Benzo(a)anthracene TEF 

Benzo(b )fluoranthene TEF 

Dibenz(a,h)anthracene TEF 

Benzo(k)fluoranthene TEF 

Benzo(a)pyrene TEF 

Indeno(1,2,3-cd)pyrene TEF 

Chrysene TEF 
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0.1 

0.1 

1.0 

0.01 

1.0 

0.1 

0.001 

2 

3 

4 

5 

6 

7 

8 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 9 

above have not been well established. There are no RIDs for the PAHs above due to a lack of 10 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 11 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day)"l. TEFs, also 12 

set by USEPA, are mUltipliers that are applied to the detected concentrations, which are 13 

subsequently used to calculate excess cancer risk. These multipliers are discussed further in the 14 

exposure and toxicity assessment sections. Most carcinogenic PAHs have been classified as such 15 

due to animal studies using large doses of purified PAHs. There is some doubt as to the validity 16 

of these listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs 17 

are carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal 18 

tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the benzo(a)pyrene 19 

B2 classification is human data specifically linking benzo(a)pyrene to a carcinogenic effect are 20 

lacking. There are, however, multiple animal studies in many species demonstrating 21 

benzo(a)pyrene to be carcinogenic by numerous routes. 22 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 23 

CRAVE Work Group meeting, a revised risk estimate for benro(a)pyrene was verified. This 24 

section provides information on three aspects of the carcinogenic risk assessment for the agent in 25 

10.4.39 
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question: The USEPA classification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 2 

quantitative risk estimates are presented in application of a low-dose extrapolation procedure and 3 

presented as the risk per (mg/kg-day). The unit risk is the quantitative estimate in terms of either 4 

risk per J,lg/L drinking water or risk per J,lg/rrr air breathed. The third form in which risk is 5 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 6 

1,000,000. The Carcinogenicity Background Document provides details on the carcinogenicity 7 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 8 

sections for information on long-term toxic effects other than carcinogenicity. 9 

The basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is listed in IRIS 10 

as no human data and sufficient data from animal bioassays. Benzo(b )fluoranthene produced 11 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin 12 

painting. The basis for the benzo(a)anthracene B2 classification is listed in IRIS as no human data 13 

and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice exposed 14 

by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical application. 15 

Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and transformed 16 

mammalian cells in culture. The basis for the benzo(k)fluoranthene B2 classification is listed in 17 

IRIS as no human data and sufficient data from animal bioassays. Benzo(k)fluoranthene produced 18 

tumors after lung implantation in mice and when administered with a promoting agent in skin- 19 

painting studies. Equivocal results have been found in a lung adenoma assay in mice. 20 

Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et aI., 1986). 21 

10.4.6.5 Risk Characterization 22 

Surface Soil Pathways 23 

Exposure to surface soil onsite was evaluated under both residential and site worker scenarios. 24 

For these scenarios, the incidental ingestion and dermal contact exposure pathways were 25 

10.4.40 
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evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposure. Tables 10.4.15 and 10.4.16 present the 2 

computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 3 

contact with site surface soils, respectively. 4 

Hypothetical Site Residents 5 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 638 surface 6 

soils is 3E-06. The dermal pathway ILCR is 1E-06. BEQs were the sole contributors to the 7 

ingestion and dermal pathways. Though the adolescent trespasser was not quantitatively addressed 8 

for this site, the following semiquantitative analysis was performed using the results of the 9 

residential risk analysis. Exposure frequency and duration under the residential scenario are 10 

350 days/year and 30 years, respectively, compared to 52 day/year and 7 years for the adolescent 11 

trespasser. Substituting the trespasser exposure frequency and duration into the CDI equation 12 

would result in a risk estimate approximately 98 % below the residential risk estimate. Assuming 13 

that adolescent trespassers gain access to the site, the cumulative soil pathway (both ingestion and 14 

dermal) risk for the adolescent trespasser was estimated to be approximately 1E-07. 15 

Hypothetical Site Workers 16 

Site worker ILCRs are 3E-07 and SE-07 for the ingestion and dermal contact pathways, 17 

respectively. BEQs were the sole contributors for each pathway. 18 

COCs Identified 19 

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site on 20 

a medium-specific basis. USEPA has established a generally acceptable risk range of 1E-04 to 21 

lE-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 22 

considered to be any chemical contributing to a cumulative risk level of lE-06 or greater and/or 23 

a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-06 or whose hazard 24 

10.4.41 
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quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because a 

cumulative risk level of lE-04 (and individual ILCR of lE-06) is recommended by USEPA 2 

Region IV as the trigger for establishing COCs. The COC selection method presented was used 3 

to provide a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 4 

noncarcinogenic hazard during the RGO development process. Table 10.4.17 presents the COCs 5 

identified for AOC 638 surface soil and shallow groundwater. 6 

Surface Soils 7 

Future Site Residents 8 

BEQs were identified as soil pathway COCs based on their contribution to cumulative ILCR 9 

projections. 10 

Future Site Workers 11 

No soil pathway COCs were identified for the site worker scenario. 12 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 13 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 14 

reported concentration for each COC. BEQs were detected in three of four surface soil samples 15 

and at a concentration above its residential RBC in only one surface soil sample. 16 

10.4.6.6 Risk Uncertainty 17 

Characterization of Exposure Setting and Identification of Exposure Pathways 18 

The potential for high bias is introduced through the exposure setting and pathway selection due 19 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 20 

Region IV when assessing potential future and current exposure. The exposure assumptions made 21 

in the site worker scenario are highly protective and would tend to overestimate exposure. 22 

Residential use of the site would not be expected, based on current site uses and the nature of 23 

10.4.44 
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surrounding buildings and features. Current reuse plans call for continued commercial/industrial 

or recreational use of Zone G. If this area were to be used as a residential site, existing features 2 

would be demolished, and the surface soil conditions would likely change - the soils could be 3 

covered with landscaping soil and/or a house. Consequently, exposure to surface soil conditions 4 

as represented by samples collected during the RFI would not be likely under a true future 5 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 6 

generally overestimate the risk and hazard posed to current site workers and future site residents. 7 

Groundwater is not currently used at AOe 638 for potable or industrial purposes. A base-wide 8 

system provides drinking and process water to buildings throughout Zone G. This system is 9 

planned to remain in operation under the current base reuse plan. As a result, use of shallow to 

groundwater would not be expected under future site use scenarios. Therefore, the scenario 11 

established to project risk/hazard associated with shallow groundwater exposure is highly 12 

conservative, and associated pathways are not expected to be completed in the future. 13 

Determination of Exposure Point Concentrations 14 

The maximum detected soil constituent concentration was used as the exposure point concentration 15 

for this site. Use of maximum detected concentrations represent conservative assumptions when 16 

appiied as the EPC, such that it is uniikeiy that the maximum detected concentration 17 

underestimates the true mean concentration. Although characterizing the site with only four 18 

surface soil samples adds some uncertainty as to how well the extent of BEQ contamination has 19 

been defined, no area of gross contamination is indicated based on current data. 20 

Quantification of Risk/Hazard 21 

As indicated by the discussions above, the uncertainty and variability inherent in the risk 22 

assessment process is great. In addition, many site-specific factors have affected the uncertainty 23 
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of this assessment that would upwardly bias the risk and hazard estimates. Exposure 

pathway-specific sources of uncertainty are discussed below. 2 

Soil 3 

A conservative screening process was used to identify COPCs for AOC 638. The potential for 4 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 5 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 6 

carcinogens, the RBCs are based on a conservative target risk of IE-06. Use of conservative 7 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 8 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 9 

and eliminated from formal assessment, none was reported at a concentration close to its RBC 10 

(e.g., within 10% of its RBC). 11 

Groundwater i2 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 13 

screened and eliminated from formal assessment, none was reported at a concentration close to its 14 

RBC (e.g., within 10% of its RBC). 15 

Background-related Risk 16 

~ 17 

Aluminum, arsenic, and beryllium were detected in AOC 638 surface soil above their respective 18 

RBCs and arsenic and manganese were detected in AOC 638 groundwater above their respective 19 

tap water RBCs. These elements were not considered in the risk assessment based on comparison 20 

to background concentrations. It is not unusual for naturally occurring or background 21 

concentrations of some elements to exceed RBCs. It is the risk assessment's function to identify 22 

excess risk andlor hazard, or that which is above background levels. The following is a discussion 23 

10.4.47 
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of the residential scenario risk/hazard associated with background concentrations of these 

elements. 2 

The arsenic (17.2 mg/kg) and beryllium (1.2 mg/kg) background surface soil concentrations equate 3 

with an cumulative ILCR of 5E-05 (based on the adult and child lifetime weighted average). The 4 

cumulative soil residential risk for AOC 638 is 4E-06. The background surface soil concentrations 5 

of aluminum (18,700 mg/kg), arsenic (17.2 mglkg), and beryllium (1.2 mg/kg) equate with an 6 

cumulative HI of 1 (based on the resident child). The cumulative soil resident child HI for 7 

AOC 638 was not determined in the absence of any noncarcinogenic COPCs. The background 8 

shallow groundwater concentration for arsenic (17.8 Il-g/L) equates with an ILCR of 4E-04 (based 9 

on the adult and child lifetime weighted average). The background shallow groundwater 10 

concentration of manganese (2,906 Il-g/L) equates with a an HI of 3. There were no COPCs 11 

identified for AOC 638 shallow groundwater. 12 

10.4.6.7 Risk Summary 13 

The risk and hazard posed by contaminants at AOC 638 were assessed for the future site worker 14 

and the future site resident under RME assumptions. In surface soils, the incidental ingestion and 15 

dermal contact pathways were assessed in this HHRA. The groundwater pathway was not 16 

assessed since there were no COPCs identified. Table 10.4.18 presents the risk summary for each 17 

soil pathwaylreceptor group evaluated for AOC 638. 18 

Soil - Residential Scenario 19 

Residential soil pathway COCs identified for AOC 638 include BEQs. Figure 10.4-5 illustrates 20 

point risk estimates for AOC 638 surface soil pathways under a residential scenario. 21 

Table 10.4.19 summarizes the risk contribution of each COPC at each sample location. This point 22 

risk map is based on the unlikely assumption that a potential future site resident will be chronically 23 

exposed to specific points. Exposure to surface soil conditions is more likely the result of uniform 24 
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Table 10.4.19 
Point Estimates of Risk and Hazard - Surface Soil Pathway 
Residential Scenario 
AOC 638 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI 
638 001 B(a)P Eguiv. 220.1 UG/KG NA 

Total NA 

638 002 B(a)p Eguiv. 0.46 UG/KG NA 
Total NA 

638 003 B(a)p Eguiv. 49.8 UG/KG NA 
Total NA 

638 004 B(a)p Eguiv. ND UG/KG NA 
Total NA 

Risk IE-06! % Risk 
3.6448 100 
3.6448 

0.0076 100 
0.0076 

0.8255 100 
0.8255 

NA 
NA 
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exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 

With this in mind, risk maps supplemented by the tables are useful in that they allow the reader 2 

to visualize how chemicals driving risk estimates are spatially distributed across the site. 3 

BEQs contributed to risk estimates above lE-06 at only one soil sample locations (638SB001). 4 

Risks estimates ranged from 8E-09 (638SBOO2) to 4E-06 (638SB001). 5 

Soil- Site Worker Scenario 6 

There were no industrial soil pathway COCs identified for AOC 638. 7 

Groundwater - Residential Scenario 8 

There were no COPCs identified for AOC 638 groundwater. 9 

10.4.6.8 Remedial Goal Options 10 

Soil 11 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 12 

Table 10.4.20 for surface soil. 13 

10.4.7 Corrective Measures Considerations 14 

Based on the analytical results and the human health risk assessment for AOC 638, COCs 15 

requiring further evaluation through the CMS process have been identified for surface soil. The 16 

site is currently in a moderately developed urban setting and risk to human health was evaluated 17 

under both the residential and industrial (site worker) scenarios. For these scenarios, the 18 

incidental ingestion and dermal contact exposure pathways were evaluated. Hazard was evaluated 19 

for noncarcinogenic contaminants through incidental ingestion and dermal contact scenarios as 20 

well. 21 

10.4.52 
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As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1.0, and whose 2 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 3 

BEQs were identified as soil pathway COCs for AOC 638. Table 10.4.21 presents cumulative and 4 

COC-specific exposure risks and hazard quotients. Risk -based remedial goals for surface soil are 5 

presented in Table 10.4.20. 6 

To determine the leaching potential of contaminants from the subsurface soil media to 7 

groundwater, contaminant concentrations in subsurface soil were compared against generic SSLs 8 

based on a DAF of 20. This comparison did not indicate contaminant concentrations above the 9 

SSLs, therefore there exists no leaching potential at AOC 638. For further information regarding 10 

subsurface soil refer to Section 10.4.5, Fate and Transport Assessment. 11 

Potential corrective measures for soil are presented in Table 10.4.22. 12 

1004.54 



Chemical 

Soil 

aEQ, 

Cumulative 

Note: 
ND Not determined 

Medium 

Son 

Table 10.4.21 
ZoneG 

AOC 638 
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Section /0 - Site-Specific Evaluations 
Revision: 0 

Cumulative and Chemical~Specific Exposure Risks and Hazard 

Industrial 

7.0E'()7 

7.0E'()7 

CompoWlds 

llEQs 

Risk 

Residential 

4.01l.{)6 

4.0E.{)6 

Table 10.4.22 
ZoneG 

AOC638 

Hazard 

Industrial 

NO 

NO 

Potential Corrective Measures 

Potential Corrective Measures 

a) No action 
b) Excavate, off,ite <lisposal, and monitoring 
¢} Containment/capping 

10.4.55 

Residential 

NO 
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10.5 AOC 642, Former Pistol Range, Present Parking Lot 

A eSI site, AOC 642 is the former pistol range located south of Building X-lO, and west of 2 

Buildings X-12 and 1431. Hobson Avenue is to the north, while Dyess Avenue is south of the 3 

site. The site is currently a fenced, asphalt paved, parking area. The area was used as a pistol 4 

range during the 1940s. It is unknown if any spent lead bullets were removed from the site. 5 

10.5.1 Site Geology 6 

Figure 10.5-1 depicts the soil sampling locations within this area. The detailed stratigraphy at 7 

Aoe 642 could not be determined as no monitoring well borings were ir~talled at the site. 8 

Geologic and hydrogeologic data gathered from adjacent SWMU 8 was used for this AOe. 9 

Stratigraphy encountered consists of silty sand overlying clayey silt and silty clay. The sand 10 

extends to a maximum depth of 14 ft bgs in well 008001. The clayey silt and silty clay extends 11 

to the maximum depth of the well at approximately 20 feet. No samples were collected for grain 12 

size analysis from the SWMU 8 wells because the wells were pre-existing. The Qc unit in Zone G 13 

generally exhibits an average grain size distribution of 56 % sand, 15 % silt, and 29 % clay. Based 14 

on the hydrogeologic data gathered from adjacent SWMU 8, the groundwater elevation at 15 

AOe 642 should be between five and six ft rnsl. Shallow groundwater at AOe 642 flows 16 

generally to the northwest. 17 

10.5.2 Field Investigation Approach 18 

The objective of the field investigation at AOe 642 was to: (1) confirm the presence or absence 19 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 20 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 21 

the investigation area included site soil. Section 3 of this report details the methods used during 22 

the field investigation. Included in this section are descriptions of the hand-auger procedures used 23 

10.5.1 
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for soil sampling, as well as the miscellaneous procedures used during the field investigation. 

Also discussed are the analytical protocols for sample analyses. Appendix D contains the 2 

analytical data report for samples collected in Zone G. 3 

10.5.3 Soil Sampling and Analyses 4 

The approved final RFI work plan proposed advancing ten soil borings within the AOC 642 area 5 

to detect the presence of any metals contamination from this site. Upper and lower interval soil 6 

samples were proposed from each boring. During the field investigation, ten soil borings were 7 

advanced, as depicted in Figure 10.5-1. One boring included both upper and lower sampling 8 

intervals, while nine other borings were limited to the upper interval only. At these locations the 9 

lower interval sample was not collected due to a shallow water table. In accordance with the 10 

approved final RFI work plan, soil samples were analyzed for metals at DQO Level ill. In 11 

addition, one upper interval duplicate soil sample was collected for Appendix IX analyses at DQO 12 

Level IV. Table 10.5.1 summarizes the AOC 642 soil samples and analyses. 13 

10.5.3.1 Nature of Contamination in Soil 14 

Organic compound analytical results for soil are summarized in Table 10.5.2. Inorganic analytical 15 

results for soil are summarized in Table 10.5.3. Table 10.5.4 summarizes all analytes detected 16 

in soil at AOC 642. Appendix D contains a complete analytical data report for all Zone G samples 17 

collected. 18 

Organic Compounds in Soil 19 

Dioxin (2,3,7,8-TCDD TEQ) was detected in one surface soil duplicate sample at a concentration 20 

far below the RBC for this parameter. 21 

10.5.3 
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Table 10.5.1 
ZoneG 

AOC 642 SOU Samples 

Boring Sample Sample Dat. 
Location Identifier Intenal Collected Analyses Remarks 

642SBOOI 642SB0010l Upper 9118/96 Note 1 Lower in"'tval not tamplod 
642CBOOIOl * NoteZ due to w.te, table 

'DuPlicate sample 

642SBOO2 642S8OO201 Upper 9118196 No", I Lower interval not sampled 
due kI water table 

6425B003 6425B00301 Upper 9118/96 Note I Lower Jruerval nol tampled 
duc to Wilte' Jable 

642SBOO4 642SBOO401 Upper 9118196 Note 1 Lower interval not sampled 
due lO water table 

642SBOOS 642SBOOSOI Upper 91181% Note I Lower lntetval not ilItIIpIed 
due to w.te, table 

642SBOO6 642SB00601 I Tn,.,.. .. 9/18/96 Note 1 T nUl .... ;nt .. ...,"'1 nnt .,"' ...... "1 ...... -rr-- _ •• - .... ~ •• - .... ~ " ... ~t"---

due to water table 

64258007 642SBOO701 Upper 9118/96 Note 1 Lower interval nOt :sampled 
due !() w.te, table 

642SBOQ8 642SBOOSOi Upper 9/18/96 No~ i 
642SB00802 Lower 

642SBOO!I 642SBOO901 Upper 9118196 Nilte 1 Lower intetval not ilItIIpIed 
due f(I water table 

642SBOIO 642S00loo1 Upper 9118196 Note 1 Lower interval not sampled 
due to water table 

NOlts: 
1 SW -846 (metals) at DQO Level ill 
2 Appeooix IX suite: Appendix IX (pesticides/PCBs, herbicides, SVOCs, VOCs); SW-846 (metals, dioxins, OP-pesticides) cyanide; 

hex-ehrome at DQO Level IV 
• Duplicate sample 

10.5.4 
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Inorganic Elements in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Twenty-one metals were detected in AcC 642 surface soil samples_ Arsenic, manganese, nickel, 2 

and thallium were detected at concentrations exceeding the greater of their respective RBCs and 3 

background concentrations for Zone G surface soiL Iron was detected above its RBC in surface 4 

soil. No background was established for iron because it is considered to be an essential nutrient. 5 

Figures 10.5-2 through 10.5-5 present arsenic, manganese, nickel, and thallium concentrations 6 

detected in surface soil, respectively. 7 

Fifteen metals \vere detected in subsurface soil sa.T.ples at .. J\OC 642. No metal concentrations 8 

detected in subsurface soil exceeded the greater of their respective SSL or subsurface soil 9 

background concentrations. 10 

10.5.4 Fate and Transport Assessment 11 

Environmental media sampled as part of the AcC 642 investigation include surface soil and 12 

subsurface soiL Potential constituent migration pathways investigated for AcC 642 include 13 

soil-to-groundwater and emission of volatiles from surface soil to air. 14 

10.5.4.1 Soil-to-Groundwater Cross-Media Transport 15 

Table iV.5.5 compares maximum detected organic constituent concentrations in surface soU and 16 

subsurface soil samples to risk-based SSLs considered protective of groundwater. For inorganics, 17 

maximum concentrations in soil are compared to the greater of (a) risk-based SSLs, or 18 

(b) background concentrations. To provide a conservative screen, generic SSLs are used; leachate 19 

entering the aquifer is assumed to be diluted by a ratio of 20: 1, with no attenuation of constituents 20 

in soil (DAF=20). 21 

For this AOC, nine of 10 soil sampling locations were characterized by a high water table, and, 22 

as a result, only surface soil samples were collected at these locations. No organics were detected 23 

10.5.19 
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Table 10.5.5 
Chemicals Detected in Surface Soil. Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 
NA VBASE Charleston, Zone G' AOC 642 
Charleston, South Carolina 

Max. Concentration Max Concentration Screening Concentration· 
Soil to Saltwater 

Surface Subsurface Shallow Deep GW Tap Water Surf. Wtr. Soil Water 
Parameter Soil Soil GW GW SSL RBC Chronic Units Units 

Diodn Compounds 
Dioxin (TCDD TEQ) 0.1749 NA NA NA 1900 0.45 10 NGI1(G P<>1. 

Inorganic Compounds 
Aluminum 6530 3290 NA NA 1000000 37000 NA MoncG uon. 
Arsenic 82 1.7 NA NA 29 17.8 36 MoncG uon. 
Barium 92.7 4.9 NA NA 1600 2600 NA MoncG uon. 
Beryllium 12 0.1 NA NA 63 0.016 NA MoncG uon. 
Cadmium 27 ND NA NA 8 18 9.3 MoncG UGIL 

Chromium (total) 23.5 4.8 NA NA 1000000 180 50 MG1(() UOIL 

Cobalt 17.4 0.38 NA NA 2000 2200 NA MoncG uon. 
Copper 58.3 2.1 NA NA 920 130000 8.33 MGt:G uon. 
Lead 703 3.9 NA NA 400 15 8.5 MoncG uon. 
Manganese 350 18.7 NA NA 1100 2906 NA MGt:G uon. 
Mercury 0.06 NO NA NA 2.1 II 0.025 MoncG uon. 
Nickel 253 1.9 NA NA IJO 730 21.7 MoncG UGIL 

Selenium 0.8 NO NA NA 5 180 71 MoncG uon. 
Thallium I ND NA NA 0.95 2.9 21.3 MoncG UOIL 

Vanadium 45.5 4 NA NA 6000 260 NA MoncG UGIL 

~inc 822 75 NA NA 12000 11000 86 MoncG UGIL 

• Screening Concentrations: 
Soil to GW - Generic SSLs based on OAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6 4 
Tap Water RBC - From EPA Region III Risk-Based Concentration Table, October 22, 1997 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 

NO NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS Region IV Bulletins, Ecological Risk Assessment, November, 1995; Table 2 
For inorganics, the value shown is the greater of the relevant screening value or the corresponding background value. 

NA - Not avaiiableINot applicable 
ND - Not detected 
RBC - Risk based concentration 
SSL - Soil screening level 
MGIKG - Milligrams per kilogram 
NGIKG - Nanograms per kilogram 
POlL - Picograms per liter 
UGIKG - Micrograms per kilogram 
VGIL - Micrograms per liter 
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in the surface soil duplicate sample at concentrations above their SSLs. Three inorganics -

arsenic, nickel, and thallium, were detected in surface soil above screening levels. While arsenic 2 

was present in all samples collected, screening exceedances were noted only at locations 3 

642SBOO4, 642SBOO6, and 642SBOO7. Notably, the concentrations at 642SBOO4 and 642SBOO7 4 

were only slightly above the SSL, while at 642SBOO6 it was significantly higher. Nickel was 5 

detected in all but one sample, but exceeded screening only at location 642SBOO7. Thallium was 6 

detected in five of the surface soil samples, but only slightly exceeded screening at 7 

location 642SBOO4. The presence of these exceedances in site soil is not consistent with a 8 

causality from past site activities, na..llely the piocess of discharging fireanrtS. The most corrunon 9 

metal to be expected from such activities is lead, which was present in all samples but did not 10 

exceed appropriate screening. The consistent presence of arsenic, nickel, and thallium in soil 11 

samples, and the inconsistent nature of exceedances of these same metals, argues that they are 12 

more likely indicative of ambient conditions and do not represent significant residual mass that 13 

poses a threat to groundwater. The fact that these metals do occur at this AOC above screening 14 

levels for soil-to-groundwater implies that the pathway does have some merit, but the rationale for 15 

additional fate and transport should be tempered by the lack of source attribution and inconsistent 16 

exceedances. Additionally, the pathway in essence becomes invalid when the physical condition 17 

of the site (100% paved, which prevents infiltration and thus leaching potential) is considered. 18 

Additionally, even if these parameters were present above effects levels in groundwater, the 19 

ingestion pathway is invalid due to non-use of the resource. Groundwater-to-surface water 20 

migration is of no significant concern at this AOC, as the distance to the nearest potential receptor 21 

(Cooper River) is approximately 500 feet away. 22 

10.5.4.2 SoiJ-to-Air Cross-Media Transport 23 

No VOCs were detected in AOC 642 surface soil. Consequently, the soil-to-air migration pathway 24 

is invalid at this site. 25 

10.5.25 



10.5.4.3 Fate and Transport Summary 
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Parameters exceeding applicable SSLs in soil at this AOC were limited to three inorganics - 2 

arsenic, nickel, and thallium. While defections of these inorganics were common in site soil, 3 

exceedances for arsenic were present in only three samples and nickel and thallium were present 4 

in only one each. The nature of the parameter exceedances is inconsistent with past site activities, 5 

thus shedding some doubt on provenance. The widespread occurrence of these metals in soil, and 6 

the inconsistent occurrence of exceedances, suggests that their occurrence is reflective of ambient 7 

conditions. When based entirely on SSL exceedances the soil-to-groundwater pathway appears 8 

to have some merit; however, the pavement covering the site essentially invalidates the pathway 9 

by limiting infiltration. The soil-to-air pathway is not considered valid at this AOC given that no 10 

VOCs were detected in site soil. 11 

10.5.5 Human Health Risk Assessment 12 

10.5.5.1 Site Background and Investigative Approach 13 

AOC 642 is the former pistol range located south of Building X-lO and west of Buildings X-12 14 

and 1431. The site is currently an asphalt paved parking area and is surrounded by a perimeter 15 

fence. Materials released at the site include spent lead bullets. 16 

During the CSI, a total of ten soil borings were advanced to identify potential impacts resulting 17 

from the activities listed above. Surface soil samples from all ten boring locations were used to 18 

quantitatively assess the direct contact soil exposure pathways. Subsurface soil detections were 19 

addressed in the previous section, Fate and Transport Assessment. Section 10.5.3 provides a 20 

summary of the sampling effort for AOC 642 soil. 21 

10.5.26 



10.5.5.2 COPC Identification 
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Based on the screening comparisons described in Section 7 of this RFI and presented in 2 

Table 10.5.6, COPCs identified in surface soil include arsenic, beryllium, manganese, nickel, and 3 

thallium. Although the release resulting from spent lead bullets were the focus of this 4 

investigation, lead was not identified as a COPC. No inorganic parameters were eliminated from 5 

consideration in the risk assessment solely on the basis of background concentration. 6 

10.5.5.3 Exposure Assessment 7 

Exposure Setting 8 

AOC 642 is located in an industrial setting on the formal naval base and is covered by an asphalt 9 

parking lot, with buildings to the north, and east. The paved surface would prevent direct contact 10 

with soil and would inhibit migration of potential contaminants to groundwater or air. The site 11 

is surrounded by a fence which inhibits access to potential trespassers. All potable water is 12 

provided through the city's water supply. Groundwater is not currently nor anticipated to be used 13 

in the future as potable or process water. 14 

Potentially Exposed Populations 15 

Potentially exposed populations are current and future site workers, future site residents, and 16 

adolescent trespassers. Future site resident and worker exposure scenarios were addressed 17 

quantitatively in this risk assessment. Current exposure to workers is discussed qualitatively in 18 

relation to the future workers. The hypothetical future site worker scenario assumed continuous 19 

exposure to surface soil conditions. Current site workers' exposure would be less than that 20 

assumed for the hypothetical future site worker scenario because of their limited soil contact (much 21 

of the area is paved). Therefore, future worker assessment is considered to be conservatively 22 

representative of current site users. Since the site is currently surrounded by fencing, adolescent 23 

trespassers are not currently a potentially exposed popUlation. In the event that the fence were to 24 

be removed, the child resident scenario is considered to be conservatively 25 

10.5.27 



Table 10.5.6 
Chemicals Present In Site Samples 
AOe 642 - Surface Soil 
NA VBASE - ChaMeston. Zone G 
Char1eston, South Carolina 

Frequency 
of 

Parameter Detection 

TeOD Equivalents 
Oloxin Equiv. 
1234678-HpCDD 
OCDD 

Inorganlcs 
Aluminum (AI) 
Arsenic (As) · 
Barium (8a) 
Beryllium (Be) · 
Cadmium (Cd) 
Caicium (ea) N 
Chromium (Cr) 
CobaH (Co) 
Copper (Cu) 
Iron (Fe) N 
Lead (Pb) 
Magnesium (Mg) N 
Manganese (Mn) · 
Mercury (Hg) 
Nickel (Ni) · 
Potassium (K) N 
Selenium (Se) 
Sodium (Na) N 
Thallium (TI) · VanadiumM 
Zinc (Zn) 

Notes: 
• - Identified as a cope 
N - Essential nutrient 

1 
1 
1 

10 
10 
10 
10 

9 
10 
10 
10 

9 
10 
10 
10 
10 

5 
9 
5 
6 
2 
5 

10 
10 

Sal· Sample quatitation limit 
MGIKG - milligrams per kilogram 
NGIKG - nanograms per kilogram 
NA - Not applicable 

1 
1 
1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Range 
of 

Detection 

0.1749 0.1749 
7.19 7.19 
103 103 

1110 6530 
4.5 82 
5.8 92.7 

0.24 1.2 
0.21 2.7 
4980 312000 

5.3 23.5 
1.1 17.4 
5.9 58.3 

3080 13400 
2.8 70.3 

638 33900 
42.05 350 

0.04 0.06 
1.9 253 

266 596 
0.46 0.8 
357 1550 
0.4 1 
5.4 45.5 

10.3 822 

Average Range Screening Concentrations Number 
Deteded of Exceeding 

Conc. SaL RBC Background Units RBC Bkod 

0.17 NA NA 1000 NA NG/KG 
7.2 NA NA NA NA NG/KG 
103 NA NA NA NA NGIKG 

2422 NA NA 7800 18700 MG/KG 
20.9 NA NA 0.43 17.2 MG/KG 10 4 
43.3 NA NA 550 109 MGlKG 
0.51 NA NA 0.15 1.2 MGlKG 10 1 

1.1 0.05 0.05 3.9 1.07 MGIKG 4 
76679 NA NA NA NA MGiKG 

11.2 NA NA 39 42.8 MGlKG 
5.7 NA NA 470 6.6 MGlKG 3 

29.6 1.1 1.1 27000 260 MG/KG 
8281 NA NA NA NA MGlKG 
35.3 NA NA 400 181 MGlKG 

5104 NA NA NA NA MG/KG 
125 NA NA 180 325 MGlKG 2 1 

0.048 0.04 0.04 2.3 1.03 MG/KG 
44.8 16.8 16.8 160 20.6 MGlKG 1 4 
421 236 288 NA NA MG/KG 

0.70 0.35 0.4 39 1.22 MG/KG 
954 216 376 NA NA MG/KG 

0.66 0.4 0.45 0.63 0.85 MG/KG 2 2 
20.4 NA NA 55 60.9 MG/KG 
186 NA NA 2300 519 MGlKG 1 
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representative of the adolescent trespasser. The future site resident scenario was built on the 

premise that existing fixtures would be removed and replaced with dwellings. 2 

Exposure Pathways 3 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 4 

ingestion of surface soils. The exposure pathways used for current and future site workers are 5 

the same as those for the future site resident with respect to soil. Uniform exposure was assumed 6 

for all sample locations. Table 10.5.7 presents the justification for exposure pathways assessed 7 

in this HHRA. 8 

Exposure Point Concentrations 9 

Section 7 of this RFI discusses the determination of exposure point concentrations. As presented 10 

on Table 10.5.8, the exposure point concentrations for soil COPCs were set equal to the 11 

95% UCL. 12 

Quantification of Exposure \3 

Chronic daily intakes (CDIs) for ingestion and dermal surface soils pathways are shown on 14 

Tables 10.5.9 and 10.5.10, respectively. 15 

10.5.5.4 Toxicity Assessment 16 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.5.11 17 

presents toxicological information specific to COPCs identified at AOC 642. This information 18 

was used in the quantification of risk/hazard associated with surface soil contaminants. Brief 19 

toxicological profiles for COPCs are provided below: 20 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 21 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 22 

10.5.29 



Potentially Exposed 
Population 

Current Land Uses 

CUrrent Site Workersl 
Maintenance 

Future Land Uses 

Furore Site Residents 
(Child aod Adult) aod 
Future Site Worker 

Table 10.5.7 
ZoneG 

AOC642 

Zone G ReRA Facility Investigation Report 
NA VBASE Charleston 

Section /0 - Site-Specific Evaluations 
Revision: 0 

Exposure Pathways Summary 

Medium and Exposure 
Pathway 

Air. Inhalation of gaseous contaminanl$ 
ellWUl~ from soU 

Air, Inhalation of chemicals entrained in 
fugitive dust 

Shallow groundwater, Ingestion of 
.ontamlnantS during potable or geceraJ use 

Shallow groundwater, Inhalation of 
volatilized shallow groundwater 
contaminants 

Soil, Incidenwlngesdon 

Soil, Dennal contact 

Air, Inhalation of gaseous contaminants 
emanating from soil 

Air~ Inha1atiQn of .mica1s entrained in 
fugitive dust 

Groundwater, Ingestion of contaminants 
during potable or general use 

Shallow groundwater, Inhalation of 
volatillzed contaminants during dome!iitic 
use 

Soil. Incidental ingestion 

Soil, Denna! contact 

10.5.30 

Pathway Selected 
for Evaluation? 

No 

No 

No 

No {Qualified) 

No (Qualified) 

No 

No 

No 

No 

Yes 

Ye, 

Reason for Selection or Exclusion 

l'<lte an<! uanspon screening did not 
idelllify any COl'Cs for ihis inditeCt 
exposure pathway, 

Little surface soil is exposed at AOC 
642, inhibiting fugitive dust generation. 
Therefore, this exposure pathway was 
considered insignificant compared to the 
other pathways. 

Shallow groundwater is not currently 
used as a source ot potable or non
residential water at AOC 642. 

Shallow groundwater is not currently 
used as a source of potable or non
residential water at AOC 642. 

Future land use assessment is <onsi4ered 
to be conservatively represeutative of 
current receptors, 

Future land use assessment is considered 
to be currently representative of current 
receptors. 

Fate and transport screening did not 
identify any copes for this indirect 
exposure palbway, 

This exposure pathway was: considered 
.insignifICant compared to the .other 
pathways .. 

Fate and transport did not identify any 
COPCs for this indirect exposure 
pathway. 

Fate and transport screening did not 
identify any cope. for this indirect 
exposure pathway. 

copes were identified subsequent to 
risk·based and background screening 
comparisons. 

copes we" identified subsequent to 
risk~based and background screening 
comparisons. 



Potentially Exposed 
Population 

Table 10.5.7 
ZoneG 

AOC642 
Exposure Pathways Summary 
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Medium. and Exposure 
Pathway 

Pathway Selected 
for Evaluation? Reason for Selection or Exclusion 

Wild game or domestic animals, Ingestion 
of tissue impacted by media contamination 

Fruits and vegetables, ln8estlon of plant 
tissues erowtt in media 

10.5.31 

No 

No 

Hunting/taking of game and/or raising 
livestock is prohibited within the 
Charleston, South Carolina city limits. 

The potential for sigruficant exposure via 
tbh pathway iolow telativ. 10 that of 
other ttMSUre patbWays assessM 



Table 10.5.8 
Summary of Statistical Analysis 
Surface Soil copes; Aoes 642 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Natural Log Transformed VCl 
cope n mean SO H-stat (mglkg) 

Inorganics 
Arsenic (As) 
Beryllium (Be) 
Manganese (Mn) 
Nickel (Ni) 
Thallium (11) 

10 2.588 0.957 3.017 
10 -0.795 0.481 2.195 
10 4.623 0.652 2.453 
10 2.761 1.378 3.930 
10 -1.016 0.632 2.240 

NOTES: 
mean Arithmetic mean of the logtransfonned data 

D Number of samples analyzed 
SD Standard deviation for a sample of data 

55.0 
0.72 
215 
249 
0.74 

MAX EPC 
(mglkg) (mglkg) 

82 55.0 UCl 
1.2 0.72 UCL 

350 215 UCL 
253 249 UCL 

0.74 UCL 

H-stat Hit statistic from Gilbert 1987; cuboidal interpolation was used to determine the value in 
accordance with USEPA Suppiementai Guidance to RAGS, Calculating the Concentration 
Tenn 

NA Not applicable 
EPC Exposure point concentration 
UeL 95 percentile upper confidence level mean 

MAX Maximum reported concentration 



Table 10.5.9 
Chronic Daily Intakes 
Incidental Ingestion of Surface Soil 
AOC642 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Chemical 

Inorganic! 
Arsenic (As) 
Beryllium (Be) 
Manganese (Mn) 
Nickel (Ni) 
Thallium (TI) 

NOTES: 

Fraction 
Ingested from 
Contaminated 

Source • 

Exposure 
Point 

Concentration 
(mglkg) 

55.0 
0.72 
215 
249 

0.74 

Future 
Future Future Future Site 

Resident adult Resident child Resident twa Worker adult 
H-COI H-COI C-COI H-COI 

(mglkg-day) (mglkg-day) (mglkg-day) (mglkg-day) 

7.54E-05 7.04E-04 B.62E-05 2.69E-05 
9.B7E-07 9.22E-06 I.13E-06 3.53E-07 
2.94E-04 2.74E-03 3.36E-04 1.05E-04 
3.40E-04 3.lBE-03 3.B9E-04 1.22E-04 
1.01E-06 9.4IE-06 I.15E-06 3.60E-07 

lwa Lifetime weighted average; used to calculate carcinogenic COl, RAGS Parts A and B 
COl Chronic Daily Intake in mglkg-day 

H-CDI COl for hazard quotient 
C-CDI COl for excess cancer risk 

• Reflects the estimated fraction of the site impacted by the corresponding cope. 

Future 
Site 

Worker adult 
C-COI 

(mglkg-day) 

9.62E-06 
1.26E-07 
3.75E-05 
4.34E-05 
1.29E-07 
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effects (Klaassen et a\., 1986). USEPA set 0.3 /ig/kg-day as the RID for arsenic based on a no 

observed adverse effects level (NOAEL) of 0.8 /ig/kg-day in a human exposure study. Arsenic's 2 

effects on the nervous and cardiovascular systems are primarily associated with acute exposure to 3 

higher concentrations. Exposure to arsenic-containing materials has been shown to cause cancer 4 

in humans. Inhaling these materials can lead to increased lung cancer risk, and ingestion is 5 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 6 

by USEPA, which set the 1.5 (mg/kg-day)"' SF for arsenic. As listed in IRIS, the classification 7 

is based on sufficient evidence from human data. An increased lung cancer mortality was 8 

observed in mUltiple hu..rnan populatio!lS exposed pritnarily through inhalation. ~A,.lso, i..l1creased ') 

mortality from mUltiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 10 

incidence of skin cancer were observed in popUlations consuming drinking water high in inorganic II 

arsenic. Human milk contains about 3 /ig/L arsenic. The RBC for arsenic in tap water is 12 

0.045/ig/L. As listed in IRIS, the critical effect of this chemical is hyperpigmentation, keratosis, 13 

and possible vascular complications. The uncertainty factor was 3 and the modifying factor was 14 

1. 15 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as acute 16 

beryllium disease, as a result of short-term exposure to high concentrations. Removal from 17 

exposure reverses ihe symptoms. Chronic exposure to much iower concentrations of beryiiium 18 

or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 19 

symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 20 

noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal, 21 

depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble 22 

beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 1991). 23 

An oral RID of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral bioassay (rats 24 

were the study species) which determined an NOAEL of 0.54 mg/kg-day. Beryllium has been 25 

classified by USEPA as a group B2 carcinogen based on animal studies. Human epidemiology 26 
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studies of beryllium are inadequate. As listed in IRIS, classification is based on beryllium being 

shown to induce lung cancer via inhalation in rats and monkeys and to induce osteosarcomas in 2 

rabbits via intravenous or intramedullary injection. An inhalation SF of 8.4 (mg/kg-day)'1 and an 3 

oral SF of 4.3 (mg/kg-dayyl have been set by USEPA. As listed in IRIS, the critical effect of this 4 

chemical is no adverse effect. The uncertainty factor was 100 and the modifying factor was 1. 5 

The IRIS RID in drinking water is 0.005 mg/kg-day. 6 

Manganese is an essential nutrient, but chronic exposure (0.8 mg/kg-day) causes 7 

mental disturbances. Studies have shown that manganese uptake from water is greater than 8 

manganese uptake from food, and the elderly appear to be more sensitive than children 9 

(Klaassen et aI., 1986; Dreisbach et aI., 1987). USEPA determined the RID to be 0.14 mg/kg-day 10 

based on dietary uptake. USEPA recommended using a modifying factor of 3 when estimating II 

intake from soil and water. In addition, the body is roughly twice as efficient absorbing 12 

manganese in water compared to manganese in food. Because of the different uptake rates in 13 

water and food, two RIDs were used in this HHRA - one for water and one for food. The RIDs 14 

used are 0.047 and 0.023 mg/kg-day. Inhalation of manganese dust causes neurological effects IS 

and increased incidence of pneumonia. An inhalation RID was set to 0.0000143 mg/kg-day. 16 

According to USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, the 17 

cancer class for manganese is group D. As listed in IRIS, the classification is based on studies that 18 

are inadequate to assess the carcinogenicity of manganese. Manganese is an element considered 19 

essential to human health. The typical vitamin supplement dose of manganese is 2.5 mg/day. As 20 

listed in IRIS, the critical effects of this chemical in water in the oral summary are CNS effects. 21 

The uncertainty factor was 1 and the recommended modifying factor of 3 was used to estimate soil 22 

and groundwater intake. The critical effects of this chemical are CNS effects. As listed in IRIS, 23 

the critical effect of this chemical in the inhalation summary is impairment of neuro-behavioral 24 

function. For inhalation uptake, the uncertainty factor was 1,000 and the modifying factor was 25 

1. The IRIS RfC is 0.00005 mg/m'. 26 
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Nickel is also an essential nutrient; a five microgram dose is typical of supplemental vitamins. 

USEPA set the oral RID to 0.02 mg/kg-day. Chronic exposure of rats to nickel caused decreased 2 

body and organ weights. For a chronically exposed individual, nickel salts would affect the 3 

gastro-intestinal system, and would also target the liver and kidney. This element has been shown 4 

to be a sensitizer, an element that can produce allergic reactions. Sensitization of skin to nickel 5 

dust has been shown to occur in industry (Dreisbach, et a!., 1987). 6 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 7 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 8 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 9 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 10 

USEPA's oral RID for thallium is 0.00008 mg/kg-day (Klaassen, et a!., 1986) (Dreisbach, 11 

et a!., 1987). The uncertainty factor used for thallium is 3000. 12 

10.5.5.5 Risk Characterization 13 

Surface Soil Pathways 14 

Exposure to surface soil onsite was evaluated under both residential and site worker scenarios. 15 

For these scenarios, the incidental ingestion and dermal contact exposure pathways were 16 

evaluated. Hazard was computed separately to address child and adult exposure. Tables 10.5.12 17 

and 10.5.13 present the computed risk/hazard associated with the incidental ingestion of and 18 

dermal contact with site surface soils, respectively. 19 

Hypothetical Site Residents 20 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 642 surface 21 

soils is lE-04. The dermal pathway ILCR is 2E-05. Arsenic was the primary contributor to ILCR 22 

projections for the ingestion and dermal pathways. Beryllium was a secondary contributor to the 23 

ingestion pathway. Though the adolescent trespasser was not quantitatively addressed for 24 

10.5.38 



Table 10.5.12 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Incidental Surface Soil Ingestion 
AOC642 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Chemical 

Inorganics 
Arsenic (As) 
Beryllium (Be) 
Manganese (Mn) 
Nickel (Ni) 
Thallium (TI) 

I SUM Hazard IndexlILCR 

NOTES: 

Oral RID 
Used 

(mglkg-dav) 

0.0003 
0.005 
0.047 

0.02 
8E-05 

Oral SF 
Used 

(mglkg-day)-I 

1.5 
4.3 
NA 
NA 
NA 

NA Not available 

Future Future 
Resident adult Resident child 

Hazard Quotient Hazard Quotient 

0.25 2.3 
0.00020 0.0018 

0.0063 0.058 
0.017 0.16 
0.013 0.12 

0.3 3 

ND Not Determined due to lack of available information 

Future 
Future Site 

Resident twa Worker adult 
ILCR Hazard Quotient 

I.3E-04 0.090 
4.9E-06 0.000071 

NO 0.0022 
ND 0.0061 
ND 0.0045 

IE-04 0.1 

twa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 

Future 
Site 

Worker adult 
ILCR 

1.4E-05 
5.4E-07 

NO 
ND 
ND 

IE-OS I 
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this site, the following semiquantitative analysis was perfonned using the results of the residential 

risk analysis. Exposure frequency and duration under the residential scenario are 350 days/year 2 

and 30 years, respectively, compared to 52 day/year and 7 years for the adolescent trespasser. 3 

Substituting the trespasser exposure frequency and duration into the CDI equation would result 4 

in a risk estimate approximately 98 % below the residential risk estimate. Assuming that the 5 

fencing and pavement are removed from the site, the cumulative soil pathway (both ingestion and 6 

dennal) risk for the adolescent trespasser was estimated to be approximately 3E-06. 7 

The computed hazard indices for the adult resident were 0.3 for the soil ingestion pathway and 8 

0.06 for the dennal contact pathway. The computed hazard indices for the child ingestion and 9 

dermal contact pathways were 3 and 0.2, respectively. Arsenic was the primary contributor to HI 10 

projections for the ingestion and dennal pathways. Nickel and thallium were secondary 11 

contributors to the ingestion pathway. The semiquantitative analysis for adolescent trespasser 12 

hazard index is similar to the risk estimate detailed the paragraph above. Exposure frequency and 13 

duration for the child resident are 350 days/year and 6 years, respectively, compared to 14 

52 days/year and 7 years for the trespasser. Substituting the trespasser exposure frequency and 15 

duration into the CD! equation would result in a hazard estimate approximately 83 % below the 16 

residential hazard estimate. Assuming that the fencing and pavement are removed from the site, 17 

the cumulative soil pathway (both ingestion and dennal) hazard for the adolescent trespasser was 18 

estimated to be approximately 0.5. 19 

Hypothetical Site Workers 20 

Site worker ILCRs are lE-05 for the ingestion pathway and 6E-06 for the dermal contact pathway. 21 

Arsenic was the primary contributor to ILCR projections. Hazard indices for the ingestion and 22 

dennal pathways were projected to be 0.1 and 0.04 for the hypothetical site worker scenario, 23 

respectively. 24 

10.5.41 
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Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 2 

for this site on a medium-specific basis. USEPA has established a generally acceptable risk range 3 

of lE-4 to lE-6, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a 4 

COC was considered to be any chemical contributing to a cumulative risk level of 1 E-6 or greater 5 

and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds lE-6 or whose 6 

hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because 7 

a cumulative risk level of lE-4 (and individual ILCR of lE-6) is recommended by USEPA Region 8 

IV as the trigger for establishing COCs. The COC selection method presented was used in order 9 

to provide a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 10 

noncarcinogenic hazard during the remedial goal options development process. Table 10.5.14 11 

presents the COCs identified for AOC 642 surface soil. 12 

Future Site Residents 13 

Arsenic and beryllium were identified as soil pathway COCs based on their contribution to 14 

cumulative residential ILCR projections. Arsenic, nickel, and thallium were identified as soil 15 

pathway COCs based on their contribution to cumulative residential HI projections. 16 

Future Site Workers 17 

Arsenic was identified as soil pathway COCs based on its contribution to cumulative industrial 18 

ILCR projections. 19 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 20 

discussion, residential soil RBCs and background concentrations were compared to each reported 21 

COC concentration. Arsenic was detected at concentrations exceeding its RBC (0.43 mg/kg) in 22 

all ten surface soil samples; arsenic exceeded its background value (17.2 mg/kg) in four surface 23 

soil samples. Beryllium was detected at a concentration exceeding its RBC (0.15 mg/kg) in all 24 

10.5.42 
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ten surface soil sample and equaled its background value (1.2 mg/kg) in 1 surface soil sample 

(642SBOO6). Nickel exceeded its RBC (160 mg/kg) in one of ten surface soil samples 2 

(642SBOO7). Thallium exceed its both its background value (0.85 mg/kg) and its RBC (0.63 3 

mg/kg) in 2 surface soil samples (642SBOO4 and 642SBOO6). 4 

10.5.5.6 Risk Uncertainty 5 

Characterization of Exposure Setting and Identification of Exposure Pathways 6 

The potential for high bias is introduced through the exposure setting and pathway selection due 7 

to the higldy conservative assumptions (Le., futl.lre residential use) reconunended by USEPli.. 8 

Region IV when assessing potential future and current exposure. The exposure assumptions made 9 

in the site worker scenario are highly protective and would tend to overestimate exposure. to 

Residential use of the site would not be expected, based on current site uses and the nature of 11 

surrounding bUildings. Current reuse plans call for continued commercial/industrial use of 12 

Zone G or alternatively recreational use. If this area were to be redeveloped as a residential site 13 

or a recreational park, the surface coverings and other structures would be demolished, and the 14 

surface soil conditions would likely change - the soils could be covered with landscaping soil 15 

and/or a house. Consequently, exposure to surface soil conditions as represented by samples 16 

collected during the CSI would not be likely under a true future use scenario. These factors 17 

indicate that exposure pathways assessed in this HHRA wouid generaiiy overestimate the risk and 18 

hazard posed to current and future site workers and future site residents. 19 

Detennination of Exposure Point Concentrations 20 

Exposure point concentrations for soil were set equal to the 95 % UCL on the arithmetic mean for 21 

each COPC. Use of 95 % UCLs represent conservative assumptions when applied as the EPC, 22 

such that it is unlikely that the UCL would be exceeded by the true mean site concentration of each 23 

COPC. The EPCs used for beryllium (0.72 mg/kg) and thallium (0.74 mg/kg) were both below 24 

their background concentrations (1.2 mg/kg for beryllium and 0.85 mg/kg for thallium). 25 
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Beryllium and thallium were each detected in only one or two surface soil samples at 2 

concentrations marginally exceeding their background concentrations, giving an indication that the 3 

presence of these metals is related to ambient conditions. Nickel was detected in only one surface 4 

soil sample at a concentration exceeding its RBC, however its mean concentration (44.8 mg/kg) 5 

is well below its RBC (160 mg/kg). Conversely, arsenic was detected in all ten samples at 6 

concentrations exceeding its RBC and in four of ten samples at concentrations exceeding its 7 

background concentration. The mean arsenic concentration for surface soil is 20.9 mg/kg which 8 

exceeds its background concentration of 17.2 mg/kg. 9 

Quantification of RiskIHazard 10 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 11 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 12 

would upwardly bias L'1e risk and hazard estituates. Exposure pathway-specific sources of i3 

uncertainty are discussed below. 14 

A conservative screening process was used to identify COPCs for AOC 642. The potential for 15 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 16 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 17 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 18 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 19 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened and 20 

eliminated from formal assessment, none was reported at a concentration close to its RBC (e.g. 21 

within 10% of its RBC). No inorganic parameters were eliminated solely on comparison to their 22 

corresponding background concentrations. 23 
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It is not unusual for naturally occurring or background concentrations of some elements to exceed 2 

risk-based concentrations_ It is the risk assessment's function to identify excess risk and/or 3 

hazard, or that which is above background levels. The following is a discussion of the residential 4 

scenario risk/hazard associated with background concentrations of AOC 642 COCs. 5 

Residential risks associated with the background concentration of arsenic and beryllium for the 6 

surface soil pathway are approximately 4E-05 and 9E-06, respectively, with a cumulative risk of 7 

beryllium, nickel, and thallium are approximately 0.8,0.003,0.014, and 0.1, respectively, with 9 

a cumulative hazard index of 0.9. The cumulative residential risk and resident child hazard index 10 

calculated in the HHRA were lE-04 and 3, respectively. 11 

10.5.5.7 Risk Summary 12 

The risk and hazard posed by contaminants at AOC 642 were assessed for the site worker and the 13 

future site resident under reasonable maximum exposure assumptions. In surface soils, the 14 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Table 10.5.15 15 

presents the risk summary for each soil pathway/receptor group evaluated for AOC 642. 16 

Soil- Residential Scenario 17 

Residential soil pathway COCs identified for AOC 642 are arsenic, beryllium, nickel, and 18 

thallium. Figure 10.5-6 illustrates point risk estimates for AOC 642 based on surface soil 19 

exposure pathways under a future residential scenario. Table 10.5.16 summarizes the risk and 20 

hazard contribution of each COPC at each sample location. This point risk map is based on the 21 
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Table 10.5.15 
Summary of Risk and Hazard 
AOC642 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Exposure 
Medium Pathway 
Surface Soil Incidental 

Ingestion 

Dermal Contact 

Sum of All Pathways 

Notes: 

HI HI 
(Adult) (Child) 

0.3 3 

0.06 0.2 

0.3 3 

ND Indicates not determined due to the lack of Bvailable risk infonnation. 
ILCR Indicates incremental lifetime cancer risk 
HI Indicates hazard index 

ILCR HI ILCR 
(LWA) (Worker) (Worker) 

IE-04 0.1 IE-OS 

2E-05 0.04 6E-06 

IE-04 0.1 2E-05 





Table 10.5.16 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC642 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk !E-06) % Risk 

642 001 Arsenic (As) 6.5 MGIKG 0.2971 75.03 16.9780 89.36 
642 001 Beryllium (Be) 0.27 MGlKG 0.0007 0.19 2.0217 10.64 
642 001 Manganese (Mn) 42.05 MGlKG 0.0251 6.33 NA 
642 001 Nickel (Ni) 6.6 MG/KG 0.0045 1.14 NA 
642 001 Thallium (TIl 0.4 MGIKG 0.0686 17.31 NA 

Total 0.3960 18.9997 

642 002 Arsenic (As) 4.5 MG/KG 0.2057 79.91 11.7540 66.74 
642 002 BerylUum (Be) 0.24 MGlKG 0.0007 0.26 1.7971 13.26 
642 002 Manganese (Mn) 80.2 MG/KG 0.0478 18.58 NA 
642 002 Nickel (Ni) 4.7 MG/KG 0.0032 1.25 NA 
642 002 Thallium (!!) NO MG/KG NA NA 

Total 0.2574 13.5511 

642 003 Arsenic (As) 19.4 MGIKG 0.8867 82.97 50.6728 90.02 
642 003 Beryllium (Be) 0.75 MG/KG 0.0021 0.19 5.6158 9.98 
642 003 Manganese (Mn) 135 MG/KG 0.0805 7.53 NA 
642 003 Nickel (Ni) 27.6 MGIKG 0.0169 1.77 NA 
642 003 Thallium (!!) 0.47 MGIKG 7.54 NA 

Total 56.2866 

642 004 Arsenic (As) 31.7 MG/KG 1.4489 86.19 82.8004 96.01 
642 004 Beryllium (Be) 0.46 MGIKG 0.0013 0.08 3.4444 3.99 
642 004 Manganese (Mn) 80 MGIKG 0.0477 2.64 NA 
642 004 Nickel (Ni) 17.2 MGlKG 0.0118 0.70 NA 
642 004 Thalliumcm 1 MG/KG 0.1714 10.20 NA 

Total 1.6811 86.2448 

642 005 Arsenic (As) 6.9 MG/KG 0.4066 60.64 23.2466 66.59 
642 005 Beryllium (Be) 0.4 MGIKG 0.0011 0.22 2.9951 11.41 
642 005 Manganese (Mo) 162 MG/KG 0.0966 19.15 NA 
642 005 Nickel (Ni) NO MG/KG NA NA 
642 005 Thallium (II) NO MG/KG NA NA 

Total 0.5045 26.2419 

642 006 Arsenic (As) 62 MGIKG 3.7460 94.17 214.1841 95.97 
642 006 Beryllium (Be) 1.2 MGIKG 0.0033 0.08 8.9853 4.03 
642 006 Manganese (Mn) 72.7 MGlKG 0.0433 1.09 NA 
642 006 Nickel (Ni) 53.2 MG/KG 0.0365 0.92 NA 
642 006 Thallium !If) 0.87 MG/KG 0.1491 3.75 NA 

Total 3.9803 223.1694 

642 007 Arsenic (As) 30.7 MGIKG 1.4032 77.96 80.1884 94.86 
642 007 Beryllium (Be) 0.58 MG/KG 0.0016 0.09 4.3429 5.14 
642 007 Manganese (Mn) 205 MGlKG 0.1222 6.79 NA 
642 007 Nickel (Ni) 253 MG/KG 0.1735 9.64 NA 
642 007 Thalliumm~ 0.56 MG/KG 0.0994 5.52 NA 

Total 1.7999 84.5313 

642 006 Arsenic (As) 5 MGlKG 0.2265 84.16 13.0600 64.50 
642 006 Beryllium (Be) 0.32 MG/KG 0.0009 0.32 2.3961 15.50 
642 006 Manganese (Mn) 66.5 MG/KG 0.0408 15.04 NA 
642 008 Nickel (NI) 1.9 MGIKG 0.0013 0.46 NA 
642 008 Thallium fTll ND MG/KG NA NA 

Total 0.2716 15.4561 

642 009 Arsenic (As) 6.4 MG/KG 0.2925 56.05 16.7166 84.48 
642 009 Beryllium (Be) 0.41 MG/KG 0.0011 0.22 3.0700 15.52 
642 009 Manganese (Mn) 350 MG/KG 0.2087 39.98 NA 
642 009 Nickel (Ni) 26.6 MG/KG 0.0196 3.76 NA 
642 009 Thallium (II) NO MG/KG NA NA 

Total 0.5219 19.7868 

642 010 Arsenic (As) 13.5 MG/KG 0.6171 93.59 35.2620 91.63 
642 010 Beryllium (Be) 0.43 MGlKG 0.0012 0.18 3.2197 8.37 
642 010 Manganese (Mn) 56.5 MG/KG 0.0337 5.11 NA 
642 010 Nickel (Ni) 10.8 MG/KG 0.0074 1.12 NA 
642 010 Thallium ill) NO MG/KG NA NA 

Total 0.6593 38.4817 
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unlikely assumption that a potential future site resident will be chronically exposed to specific 

points. Exposure to surface soil conditions is more likely the result of uniform exposure to the 2 

soil conditions of the entire site (or exposure unit area) rather than specific points. With this in 3 

mind, risk maps supplemented by the tables are useful in that they allow the reader to visualize 4 

how chemicals driving risk estimates are spatially distributed across the site. 5 

Arsenic is the primary contributor to risk estimates contributing 85 to 95 % of the risk at each of 6 

the ten surface soil sample location. Beryllium was a secondary contributor to risk estimates at 7 

each of the ten surface soil sample locations, although in all ten surface soil samples beryllium was 8 

detected at concentrations either below or equal to its background concentration. Risk estimates 9 

ranged from lE-05 (642SB002) to 2E-04 (642SBOO6). 10 

Figure 10.5-7 illustrates point estimates for hazard at AOC 642 based on soil exposure pathways 11 

under a future residential scenario. Out of ten surface soil samples, four were associated with 12 

hazard indices above unity. Arsenic was the primary contributor to hazard estimates. Secondary 13 

contributors consisted of manganese (not identified as a COC), nickel, and thallium. Hazard index 14 

estimates ranged from 0.3 (642SBOO2) to 4 (642SB006). 15 

SoH - Site Worker Scenario 16 

Arsenic was identified as the only COC for the site worker surface soil pathway. Figure 10.5-8 17 

illustrates point risk estimates for AOC 642 based on soil exposure pathways under a future 18 

industrial (site worker) scenario. Table 10.5.17 summarizes the risk and hazard contribution of 19 

arsenic at each sample location. Risk estimates ranged from 2E-06 (642SB002) to 3E-05 20 

(642SB006). Hazard estimates ranged from 0.01 (642SBOO2) to 0.2 (642SBOO6). 21 
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Table 10.5.17 
Point Estimates of Risk and Hazard - Surface SoU Pathways 
Industrial Scenario 
AOC642 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

642 001 Arsenic (As) 6.5 MGJKG 0.015 100 2.40 100 
642 002 Arsenic (As) 4.5 MGlKG 0.010 100 1.66 100 
642 003 Alsenic (As) 19.4 MGIKG 0.045 100 7.17 100 
642 004 Arsenic (As) 31.7 MGIKG 0.073 100 11.71 100 
642 005 Arsenic (As) 8.9 MGIKG 0.020 100 3.29 100 
642 006 A"'enlc (As) 82 MGlKG 0.189 100 30.30 100 
642 007 A",enic (As) 30.7 MGIKG 0.071 100 11.34 100 
642 008 Alsenic (As) 5 MGIKG 0.011 100 1.85 100 
642 009 Arsenic (As) 6.4 MGIKG 0.015 100 2.36 100 
642 010 A",.nic(As) 13.5 MGIKG 0.031 100 4.99 100 
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Soil 2 

RGOs for carcinogens were based on the lifetime weighted average site resident or site worker as 3 

presented in Table 10.5.18 for surface soils. Hazard-based RGOs were calculated based on the 4 

hypothetical child resident or site worker, as noted in the table. 5 

10.5.6 Corrective Measures Considerations 6 

Based on the analytical results and the human health risk assessment for AOC 642, COCs 7 

requiring further evaluation through the CMS process have been identified for surface soil. The 8 

site is currently in an industrial setting, however risk to human health was evaluated under both 9 

the residential and industrial (site worker) scenarios. For these scenarios, the incidental ingestion 10 

and dermal contact exposure pathways were evaluated. Hazard was evaluated for noncarcinogenic 11 

contaminants through incidental ingestion and dermal contact scenarios as well. 12 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 13 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1.0, and whose 14 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 15 

Arsenic, beryllium, nickel, and thallium were identified as soil pathway COCs for AOC 642. 16 

Table 10.5.19 presents cumulative and COC-specific exposure risks and hazard quotients. 17 

Risk-based remedial goals for surface soil are presented in Table 10.5.18. Potential corrective 18 

measures for soil are presented in Table 10.5.20. 19 
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Chemical 

Soil 

Arsenic 

Beryllium 

Nickel 

Thallium 

Cumulative 

Notes: 
ND Not Determined 

Medium 

Soil 

Table 10.5.19 
ZoneG 

AOC 64Z 
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Cumulative and Chemical-Speclllc Exposure RIsks and Hazard 

RIsk 

industrial 

2.0E.QS 

7.6E.Q7 

ND 

ND 

2.IE.QS 

Residential 

I.4SE.Q4 

5.4E-06 

ND 

ND 

l.5E.Q4 

Table 10.5.20 
ZoneG 

AOC 642 

Hazard 

Industrial Residential 

0.127 2.47 

.0001 0.002 

0.009 0.172 

0.006 O.IZ9 

O.IS 2.83 

Potential Corrective Measures 

Compounds 

Arsenic. Betylli\lll1, Nickel, and Thallium 

10.5.56 

Potential Corrective Measures 

a) NoAcriQn 
b) E'''''''''te, offsit¢ diS[l(l$>!. and moni!or1!1g 
0) ContaiumenrfC.pping 
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10.6 SWMU 8, Oil Sludge Pit; AOe 636, Torpedo Magazine, Building 161 Area 

These sites were combined into one investigation due to their close proximity and their potential 2 

for similar copes. The approved fmal RFI work plan also grouped AOe 637 into this combined 3 

SWMU 8 and AOe 636 investigation. Aoe 637 was investigated separately because subsurface 4 

conditions are different at this site. SWMU 8 (a RFI site) and AOe 636 (a eSI site) are located 5 

in an area bound by Hobson Avenue to the north, Dyess Avenue to the south, Brumby Street to 6 

the west, and the Building X-I0 compound (AOe 642) to the east. The SWMU 8 area contained 7 

three unlined pits which were used to dispose of oil sludge from 1944 to 1977. The pits have 8 

since been filled. The area is currently a gravel paved parking area. Aoe 636 is the former 9 

torpedo magazine where subsurface disposal of unused torpedoes and munitions alledgedly 10 

occurred prior to 1944. The AOe 636 area was primarily marshlands at the time. This area has 11 

since been filled with dredged materials. Currently, the AOe 636 area contain Building 161 and 12 

an asphalt paved parking lot. 13 

10.6.1 Site Geology and Hydrogeology 14 

Figures 10.6-1 and 10.6-2 present the soil and groundwater sampling locations within this area 15 

respectively. Appendix A contains the boring logs and the monitoring well construction diagrams 16 

for the wells installed at SWMU 8 and AOe 636 in 1993. 17 

Based on soil descriptions from six monitoring well borings, the stratigraphy at SWMU 8 and 18 

AOe 636 generally consists of several feet of sand and clay fill material containing metal, wood, 19 

plastic, and brick debris underlain by alternating native deposits of silt and sandy clay, to a depth 20 

of approximately 20 ft bgs. The native deposits are representative of the Qm and Qc units 21 

described in Section 2.2.3.2. Several intervals contained petroleum odors, stains, and/or sheen. 22 
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No samples were collected for grain size analysis from the Qm unit in the SWMU 8 and AOe 636 

area. A Qm soil sample collected from 9-11 ft bgs from boring 636001 exhibited a grain size 2 

distribution of 46 % sand, 16% silt, and 38 % clay. The total depths of the 1993 monitoring wells 3 

range from approxit-nately 14 to 20 ft bgs. 4 

The groundwater elevation varies greatly across the site between approximately 1 and 5 ft ms!. 5 

Figures 10.6-3 and 10.6-4 depict the shallow groundwater potentiometric surface and the inferred 6 

flow direction at low- and high-tide respectively. Differences in the static water levels and the 7 

overall flow pattern at the SWMU 8 and AOe 636 area were observed between high- and 8 

low-tide. Slug tests were performed on two of the existing wells and the newly installed well at 9 

AOe 636. The geometric mean horizontal hydraulic conductivity ranged from .37 to 7.7 ft/day. 10 

The horizontal hydraulic gradient is also highly variable, ranging from 1.1E-02 on the site's west 11 

side, to 5.4E-03 on the site's east side. The horizontal groundwater flow velocity was calculated. 12 

The horizontal flow velocity ranged from 1.0E-Ol ft/day in the west to 5.0E-02 ft/day on the east 13 

side of the site. 14 

10.6.2 Field Investigation Approach 15 

The objective of the field investigation at SWMU 8 and AOe 636 was to: (1) confirm the presence 16 

or absence of contamination in the site area; (2) delineate any contamination found; and (3) 17 

provide sufficient data to support a detailed evaluation of treatment alternatives, if required. 18 

Media sampled within the investigation area included soil and groundwater. Section 3 of this 19 

report details the methods used during the field investigation. Included in this section are 20 

descriptions of the hollow stem auger drilling procedures used for shallow well installation; the 21 

hand-auger procedures used for soil sampling; groundwater sampling procedures; and 22 

miscellaneous procedures used during the field investigation. Also discussed are the analytical 23 

protocols for sample analyses. Appendix D contains t.1-te analytical data report for samples 24 

collected in Zone G. 25 
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Pre-RFI soil sampling took place in 1993 and included advancing 31 borings throughout the 2 

combined SWMU 8 area. The approved final RFI work plan proposed advancing three soil 3 

borings within the SWMU 8 area to confirm the previous soil results. Nine borings were 4 

proposed and advanced within the AOC 636 area to detect the presence of any soil contamination 5 

from this site. Upper and lower interval soil samples were proposed from each boring. During 6 

the field investigation, three soil borings were advanced within the site area for SWMU 8, as 7 

depicted in Figure 10.6-1. These borings included the upper sampling interval only. At 8 

AOC 636, fourteen soil borings were advanced during the field investigation, in two phases 9 

(Figure 10.6-1). Nine first round-borings were advanced at AOC 636, as proposed in the 10 

approved final RFI work plan. Five first phase borings at AOC 636 included both upper and 11 

lower sampling intervals, while four borings included the upper interval only. Where not 12 

collected, the lower interval sample was not collected due to the shallow water table. In 13 

accordance with the approved final RFI work plan, the SWMU 8 and AOC 636 first-round soil 14 

samples were analyzed for metals, pesticides/PCBs, SVOCs, VOCs, and propellants/explosives IS 

at DQO Level III. Additionally, one upper interval duplicate soil sample was collected at 16 

AOC 636 for Appendix IX analyses at DQO Level IV. During the second-round sampling, five 17 

additional borings were advanced at AOC 636 to further delineate SY~C, BEQ, VOC, and 18 

subsurface metals contamination identified during the first sampling round. Two AOC 636 19 

second-round borings included both upper and lower sampling intervals, while three borings 20 

included the upper interval oIlly. Second-round samples were analyzed for metals, 21 

pesticide/PCBs, and SVOCs at DQO Level III. Table 10.6.1 summarizes the 1993 SWMU 8 and 22 

AOC 636 soil samples and analyses (pre-RFI samples). Table 10.6.2 summarizes the RFI soil 23 

samples and analyses. 24 
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10.6.3.1 Nature of Contamination in Soil 

Zone G ReRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific EvaluatIOns 
Revision: 0 

The following tables and discussion include 1993 and RFI soil sample results. Organic compound 2 

analytical results for soil are summarized in Table 10.6.3. Inorganic analytical results for soil are 3 

summarized in Table 10.6.4. Table 10.6.5 summarizes all analytes detected in soil at SWMU 8 4 

and AOC 636. Appendix D contains a complete analytical data report for all Zone G samples 5 

collected. 6 

Table 10.6.1 
ZoneG 

SWMU 8 and Aoe 636 
1993 Soil Samples and Ana1yses 

(pre-RFI Samples) 

Boring Sample Sample Date 
Location Identifier Interval Collected Analyses Remarks 

S08BOI S08BOIOI Upper 9/14193 Note 1 

S08B02 508B0201 Upper 9/25/93 Note I 
SORB0202 Lower 

508803 S08B0301 Upper 9125193 Note 1 
S08B03ID· *Duphcate sample 
S08B0302 Lower 

508B04 S08B0401 Upper 9/27/93 Note 1 

508805 508B0501 Upper 9/30/93 Note 1 

S08B06 S08B0601 Upper 9/30/93 Note I 

S08B07 S08B0701 Upper 10/18193 Note 1 

S08B08 S08B0801 Upper 10/18/93 Note 1 

508B09 508B0901 Upper 10/18193 Note 1 

S08BlO S08Bl001 r In .... r 10/18/93 Note 1 -t't'~. 

S08BII S08BllOI Upper 10119193 Note 1 
S08BI1 ID· 4: Duplicate Sample 
S08B1102 Lower 

S08BI2 S08BI201 Upper 10/19/93 Note 1 
S08B1202 Lower 

S08BI3 508BI301 Upper 10119/93 NOle I 

S08BI4 S08BI401 Upper 10/19/93 Note 1 

S08815 S08B1501 Upper 10119/93 Note 1 

508B16 S08BI601 Upper 10120/93 Note 1 

10.6.8 



Boring Sample 
Location Identifier 

S08817 508BI701 
508BI7lP* 

S08B18 S08B1801 

S08819 508BI901 
508S1902 

508B20 508B2oo1 
508B2002 

508821 S08BUOI 
S08B2102 

508B22 508B2201 
508B2202 

S08823 508B2301 
508B2302 

508B24 508B2401 
508B2402 

S08825 508B2501 
508B251D' 
508B2502 

508B26 508B2601 
508B2602 

S08B27 508B2701 
508B2702 

508B28 508B2801 
508B2802 

508829 508B2901 

508B30 508B3OO1 
508B3OO2 

S08B302D* 

S0883 1 50883101 
508B311D* 
508B3102 

Notes: 

Table 10.6.1 
ZoneG 

SWMU 8 and AOC 636 
1993 Soil Samples and Analyses 

(pre-RFI Samples) 

Sample Date 
Interval Collected 

Upper 10120193 

Upper lOi20i93 

Upper 10/20193 
Lower 

Upper 10/21/93 
Lower 

Upper 10126/93 
loWer 

Upper 10/26/93 
Lower 

Upper 10126193 
Lower 

TTn .... r 10/26/93 -I"'Y-· 

Lower 

Upper 10127/93 

Lower 

Upper 10127/93 
Lower 

Upper 10/27/93 
Lower 

Upper 10/27/93 
Lower 

Upper 10127/93 

Upper 10/27/93 
Lower 

Upper 10/27/93 

Lower 

1 SW-846 (metals, pestiCides/PCBs, SVOCs, VOCs) 
Duplicate sample 

10.6.9 

Zone G RCRA Facility Investigation Report 
NA VBASE Chnrleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Analyses Remarks 

Note 1 
*' Duplicate Sample 

Note 1 

Note 1 

Note I 

Note 1 

Note 1 

Note 1 

Note! 

Note 1 
* Duplicate Sample 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

* Duphcate Sample 

Note 1 
* Duplicate Sample 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Table 10.6.2 
Zone G 

SWMU 8 and AOC 636 
Soil Samples and Analyses 

(RFI Samples) 

Boring Sample Sample Date 
Location Identifier Interval CoUected Anal~ses Remarks 

008SBOI 0088BOOI01 Upper 9112196 Note lIcyanide Lower interval not sampled 
due to water table 

008SB02 008SBOO201 Upper 9ii6i96 Note Ueyamae Lower llliervai nut sampied 
due to water table 

0088B03 008S800301 Upper 9113196 Note IIcyanide Lower interval not sampJed 
due to water table 

636SBOOI 636SBOOIOI Upper 9/11/96 Note I Lower interval not sampled 
due to water table 

636SBOO2 636SBOO201 Upper 911I!96 Note 1 
636CBOOZOl* Lower Note 3 * Duplicate Sample 
636SBOO2OZ Note 1 

636SB003 636SB00301 Upper 9/11/96 Note 1 
636SB00302 Lower 

636SBOO4 636S800401 Upper 9I1!I96 Note 1 
636SB00402 Lower 

636S8005 636SB00501 Upper 9/1I!% Note 1 
636SB00502 Lower 

636SBOO6 636SBOO601 Upper 9/12196 Note 1 Lower interval nOl sampled 
due to water table 

636SB007 636SB00701 Upper 9112/96 Note I Lower interval not sampled 
due to water table 

636SB008 636SB00801 Upper 9/12/96 Note 1 Lower interval not sampled 
due to water tabie 

636SBOO9 636SBOO901 Upper 9/12/96 Note 1 
636SBOO902 Lower 

636SB01O 636SBOlOOI Upper 1/07197 Note 2 Lower interval not sampled 
due to water table. Second-
round sample 

636SBOII 636SBOIlOi Upper 1/07/97 Note 2 Lower mterval not sampled 
due to water table. Second-
round sample 

636SBOl2 636SBOl201 Upper 1/07/97 Note 2 Lower mterval not sampled 
due to water table. Second· 
round sample 

636SBOl3 636SB01301 Upper 1/07/97 Note 2 Second-round sample 
636SBOl302 Lower 
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Boring 
Location 

Sample 
Identifier 

Table 10.6.2 
ZoneG 

SWMU 8 and AOC 636 
Soil Samples and Analyses 

(RFI Samples) 

Sample 
Interval 

Date 
Collected 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Seclion iO - Sire-Specific Evaiuations 
Revision: 0 

Analyses Remarks 

636SBOl4 6365BOI401 
6365BOI402 

Upper 
Lower 

II07I'n Note 2 Second-round sample 

Notes: 
I 
2 
3 

SW-846 (metals, pesticides/PCBs, SVOCs, VOCs); explosives/propellants at DQO Level III 
SW-846 (metals, pesticideslPCBs. SVOCs) at DQO Level III 
Appendix IX suite: Appendix IX (pesttcldes/PCBs, herbicides, SVOCs. VOCs); SW-846 (metals, dlOxms, OP-pesticides) cyanide; 
hex-chrome at DQO Level IV 
Duplicate sample 
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Volatile Organic Compounds in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Eight VOCs were detected in surface soil samples at SWMU 8 and AOC 636. No surface soil 2 

VOC concentrations exceeded their respective RBCs. Eleven VOCs were detected in subsurface 3 

soil samples at SWMU 8 and AOC 636. 1,1,2,2-trichloroethane and 1,1,2-trichloroethane 4 

exceeded their respective SSL in subsurface soil samples at this site. Figure 10.6-5 presents 5 

subsurface soil 1 , 1 ,2,2-tetrachloroethane at SWMU 8 and AOC 636, while Figure 10.6-6 presents 6 

subsurface soil 1,1 ,2-trichloroethane at the site. 7 

8 

Semivolatile Organic Compounds in Soil 9 

Twenty-four SVOCs were detected in surface soil samples at SWMU 8 and AOC 636. 10 

Benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3- 11 

cd)pyrene, and dibenz(a,h)anthracene exceeded their respective RBCs in surface soil samples at 12 

this AOC. Figure 10.6-7 presents total BEQ concentrations detected in surface soil at SWMU 8 13 

and AOC 636. 14 

15 

Nineteen SVOCs were detected in subsurface soil samples at SWMU 8 and AOC 636. 16 

Benzo(a)anthracene exceeded its respective SSL in subsurface soil samples at this site. 17 

Figure 10.6-8 presents benzo(a)anthracene in subsurface soil at SWMU 8 and AOC 636. 18 

19 

Pesticides and PCBs in Soil 20 

Eleven pesticides were detected in surface soil samples at SWMU 8 and AOC 636. Dieldrin was 21 

detected at a concentration exceeding its respective RBC. Figure 10.6-9 presents dieldrin in 22 

surface soil at SWMU 8 and AOC 636. Aroc1or-1260 was also detected in surface soil at 23 

concentrations above its RBC. Figure 10.6-10 shows Aroc1or-1260 in surface soil at SWMU 8 24 

and AOC 636. 25 

10.6.87 
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Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Twelve pesticides were detected in subsurface soil samples at SWMU 8 and AOC 636. Dieldrin 

was detected in subsurface soil at a concentration above its respective SSL. Figure 10.6-11 shows 2 

dieldrin in subsurface soil at the site. Aroc1or-1260 was detected in subsurface soil at 3 

concentrations below its respective SSL. 4 

5 

Other Organic Compounds in Soil 6 

Dioxin (2,3,7,8-TCDD TEQ) was detected in SWMU 8 and AOC 636 surface soil samples at a 7 

concentration far below its respective RBC. Hydrazine was detected in both surface soil and 8 

subsurface soil at concentrations exceeding their respective RBC and SSL. Figure 10.6-12 9 

presents hydrazine concentrations detected in surface soil at SWMU 8 and AOC 636. to 

Figure 10.6-13 presents hydrazine concentrations in subsurface soil. 11 

12 

Inorganic Elements in Soil 13 

Twenty-four metals, plus cyanide were detected in surface soil samples at SWMU 8 and AOC 636. 14 

Antimony, arsenic, chromium, lead, and thallium were detected at concentrations exceeding their 15 

respective RBCs and Zone G background concentrations. Figures 10.6-14 through 10.6-18 show 16 

antimony, arsenic, chromium, lead and thallium in surface soil, respectively, at SWMU 8 and 17 

AOC 636. Iron was also detected above its RBC, however because iron is considered an essential 18 

nutrient no background was established. 19 

20 

Twenty-three metals were detected in subsurface soil samples at SWMU 8 and AOC 636. 21 

Antimony, copper, lead, manganese, mercury, and thallium were detected at concentrations 22 

exceeding their respective SSLs and Zone G background concentrations. Figures 10.6-19 through 23 

10.6-24 present antimony, copper, lead, manganese, mercury, and thallium concentrations 24 

detected in subsurface soil, respectively, at the combined SWMU 8. 25 

10.6.94 
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10.6.4 Groundwater Sampling and Analysis 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

The approved final RFI work plan proposed sampling of one new installed shallow monitoring 2 

well at AOC 636 and redevelopment and sampling the six shallow monitoring wells previously 3 

installed at SWMU 8. Groundwater was sampled within the SWMU 8 and AOC 636 area to: (1) 4 

assess groundwater quality, and (2) identify contaminants which may be migrating from the site 

in the shallow aquifer. During the field investigation, the six previously installed wells were 6 

redeveloped and sampled (Figure 10.6-2). In accordance with the approved final RFI work plan, 7 

groundwater samples were analyzed for metals, pesticides/PCBs, SVOCs, and VOCs at DQO 8 

Level III. The AOC 636 well was also sampled for explosives and propellants. Table 10.6.6 9 

summarizes the groundwater sampling and analyses of the previously installed (1993) SWMU 8 10 

wells. Table 10.6.7 summarizes the RFI groundwater samples and analyses. 11 

12 

10.6.4.1 Nature of Contamination in Groundwater 13 

Organic analytical results for groundwater samples are summarized in Table 10.6.8. Inorganic 14 

analytical results for groundwater samples are summarized in Table 10.6.9. Table 10.6.10 15 

summarizes all analytes detected in groundwater at SWMU 8 and AOC 636 for both 16 

investigations. Appendix D contains a complete analytical data report for all Zone G samples 17 

collected. The 1993 analytical results are presented for comparative purposes and are not included 18 

in the following nature discussions, fate and transport and the HHRA. 19 

20 

Volatile Organic Compounds in Groundwater 21 

One VOC was detected in shallow groundwater samples from SWMU 8 and AOC 636. 22 

Ethylbenzene was detected at a concentration far below its respective tap water RBC at this site. 23 

24 

Semivolatile Organic Compounds in Groundwater 25 

Four SVOCs, benzoic acid, bis(2-ethylhexyl)phthalate, 2,4-dimethylphenol, and napthalene were 26 

detected in shallow groundwater samples at SWMU 8 and AOC 636. Of these, bis(2- 27 

10.6.109 



Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spec~lic Evaluations 
Revision: 0 

ethylhexyl)phthalate was detected at a concentration exceeding its respective tap water RBC. 

Figure 10.6-25 shows bis(2-ethylhexyl)phthalate in groundwater at SWMU 8 and AOC 636. 2 

Table 10.6.6 
ZoneG 

SWMU 8 and AOC 636 
1993 Groundwater Samples and Analyses 

(pre-RFI Samples) 

Well Number Wen Depth Sample Identifier Date Sampled 

008001 (S08WQ\) S/lallow SOBWOlOl 11/10/93 

008002 (S08W02) Shallow SOBW0201 11/10/93 

008003 (S08W03} Shallow S08W0301 11/10/93 

008004 (S08W03) Shallow S08W0401 11/10/93 

008005 (SOBW03) Shallow S08W0501 11/lJ193 
SOSW05ID* 

008006 (S08W03) Shallow SOBW0601 11111193 

Note,' 
1 

* 
SW -846 (metals, pesticides/PCBs. SVOCs, VOCs) at DQO Level Ill. 
Duplicate sample. 

Table 10.6.7 
ZoneG 

SWMU 8 and AOC 636 
Groundwater Samples and Analyses 

(RFI Samples) 

Well Number Well Depth Sample Identifier Date Sampled 

008001 Shallow 00800101 11115/96 

OOS002 Shallow OOS00201 11/15/96 

008003 Shallow 00800301 11/15/96 

008004 Shallow 00800401 11115196 

008005 Shallow 00800501 11115/96 

008006 Shallow 00800601 11115/96 

636001 Shallow 63600101 1lI15/96 

Note: 
SW-846 (metals, pesticides/PCBs, SVOCs, VOCs) at DQO Level III 

10.6.110 

Analyses Remarks 

Note t 

Note 1 

No .. 1 

Note 1 

Note I 

Note 1 

Analyses Remarks 

See note 

See note 

See note 

See note 

See note 

See note 

See note 
explosives/propellants 
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Pesticides and PCBs in Groundwater 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

No pesticides or PCBs were detected in shallow groundwater samples at SWMU 8 and AOC 636. 2 

Other Organics in Groundwater 4 

Hydrazine was not detected during the flrst-quarter above its respective tap water RBC in shallow 5 

groundwater samples collected from AOC 636. Figure 10.6-26 presents hydrazine concentrations 6 

detected in second-quarter shallow groundwater samples at the site. 7 

8 

Inorganic Elements in Groundwater 9 

Twenty-one metals were detected in shallow groundwater at SWMU 8 and AOC 636. Of these, 10 

antimony, barium, thallium, and vanadium exceeded their respective tap water RBCs and Zone G II 

shallow groundwater background concentrations. Figures 10.6-27 through 10.6-30 present 12 

antimony, barium, thallium and vanadium concentrations detected in shallow groundwater at 13 

SWMU 8 and AOC 636. Iron was also detected at concentrations exceeding its tap water RBC. 14 

However, because iron is considered an essential nutrient, no background was established for iron 15 

in shallow groundwater. 16 

17 

10.6.5 Fate and Transport Assessment 18 

These sites were combined into one investigation due to their close proximity and their potential 19 

for similar contaminants. Environmental media sampled as part of the SWMU 8 and AOe 636 20 

investigation included surface soil, subsurface soil, and shallow groundwater. Potential 21 

constituent migration pathways investigated for SWMU 8 and AOe 636 include soil-to- 22 

groundwater, groundwater-to-surface water, and emission of volatile organic compounds from 23 

surface soil to air. 24 

10.6.124 
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10.6.5.1 Soil-to-Groundwater Cross-Media Transport 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: a 

Table 10.6.11 compares maximum detected organic compound concentrations in surface soil and 2 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 3 

4 

For inorganic analytes, maximum concentrations in soil are compared to the greater of 5 

(a) risk-based soil screening levels or (b) background concentrations. To provide a conservative 6 

screen, generic soil screening levels are used; leachate entering the aquifer is assumed to be 7 

diluted by a ratio of 20:1, with no attenuation of constituents in soil (DAF=20). 8 

9 

Thirteen organic compounds were detected in SWMU 8 and AOe 636 surface or subsurface soil 10 

at concentrations exceeding groundwater protection SSLs. With the exception of hydrazine, most II 

of the organic exceedances are limited to the SWMU 8 area. VOCs exceeding applicable SSLs 12 

include 1,1,2,2-tetrachloroethane and 1,1,2-trichloroethane. Both of the VOCs exceeded 13 

applicable SSLs in the subsurface soil. The dominant chemical group exhibiting concentrations 14 

above SSLs are the SVOCs. Eight SVOCs were found to exceed their respective screening levels 15 

at the combined site. Additionally, most of the SVOC exceedances are noted in the surface soil. 16 

These compounds are cornmon constituents of waste oil as primary ingredients and degradation 17 

products. Being of high molecular weight, these organic compounds tend to become immobile 18 

quite rapidly (through adsorption onto soil media), as evidenced at the site by their vertical 19 

distribution (lower concentrations with depth). The presence of one pesticide - dieldrin - at 20 

SWMU 8 exhibiting SSL exceedances in both surface soil and subsurface soil may potentially be 21 

a residual from normal application, or possibly wastes containing dieldrin may have been disposed 22 

of with the oil sludge during previous operations. The vertical distribution of dieldrin is consistent 23 

with a surface application of dieldrin. This pesticide has a strong affinity to adsorb to soil media, 24 

thereby limiting its mobility and attenuating its concentrations with depth in the soil column. 25 

26 

lO.6.130 



Table 106 II 
Chem.caL. Detected In Surface SOLI, Subsunace SOLI, and Sballow Groundwater 
CompanIon to SSLs, Tap Water RBG, Saltwater Sunace Water Chron.c ScreenUlg LeveL., and Background Concentrahons 
NA VBASE Charleston, Zone G SWMU 8 and AOC 636 
Charleston, South Carolma 

Max ConcenlnLlmn Max ConcenlnLlmn Screenmg ConcenlnLhon • 
SoLI 10 Saltwater 

Surface Subsurface Shallov. - GW Tap Water Surf Wtr ,,,' Waler 
Parameter SOL! Sod GW GW sse RBe ChronIC Uu.lS Umls 

Volatile Organic CompoundJ 
Acelcne no """ NO NA ''''"'' """ NA ~~ = 
2-Butanone (MEK) " '" NO NA ""0 '''''0 NA l~.,,~ l~,' 

Carbon d.sulfidc " " NO NA nooo '"0O NA -" = 
Chlorobenzene '" '" NO NA '"'" " '"' -" = 
Ethylbenzene "0 .. , NA D"," D"" " - = 
I, I ,2,2· Tetrachloroethane NO '" NO NA , 0052 

'" 2 
l'C.",G ,« 

Toluene "0 • NO NA """" "0 " ~ = 
I, I, I_Tnchloroethane """ 

,. NO NA 2""" S40 NA ~a ~ 
I, I ,2_Tnchloroethane NO 92 NO NA 20 '" NA LJuA(G = 
Vrnyl Acetate NO " NO NA 170000 """" NA lIG4.G = 
Xylene (Ictal) 3400 " NO NA 14&000 """" NA ' ...... a ~. 

&m.vol.tile Organic Compound. 
Acenaphthene """ "" NO NA ,,- 22"" ,,~ -Acenaphthylene '"" NO NO NA 293000 """ NA '"""a ,~ 

Antbracene 166{J0 """ NO NA 12000000 ''""'' NA lJ<M(O = 
BeIlLO'C ac.d '" ... 2 NA .- ,,- NA LJG>,G ~ 

Benzo(g,h,,)perylene 15~50 "0 NO NA 466E+o& 'SO" NA_ ~ 
Benzo(a)pyrene eqUL\llenls 

Bcn7o{ajanthracenc 430200 24"" NO NA 2""" "'" NA lIMOG ~ 
Ikn7.o{alpyrene """ '""" NO NA S""" 0""02 NA ~G ~ 
Benzo{h )f1uoranthene 41750 24"" NO NA '""" 0"'2 NA _ 

~ 

Benzo(l..)f1uoranthene 20150 """ NO NA 49000 0" NA "",,0 ~ 

au)'senc """" 92"" NO NA ''''"'''' " 
NA _ 

~ 

O.bcllZo{a,hjanthracene 4555 'SO NO NA 2000 00092 NA_ ~ 
lndeno{l,2,J-cd)pyrcne 18400 "0 NO NA """" 0"'2 NA - ~ 

Butylben.zylpbthalate DO NO NO NA 92_ """ 29' -" ~ Carbazole 3595 "0 NO NA "" H NA - ~ 

4-Chloroaniline "0 NA NO NA 7"" 'SO NA - ~ 

D,bcnzofullln '"" S2 NO NA ,- "0 NA -, ~ 
2,4-0.methy[pheno[ NO NO , NA '000 7JO NA -" ~ 2,4_0.nltrotoluene DO NO NO NA "' 0"" NA ",,-,,<a -bLS(2_Ethylhexyl)phthalate (BEHP) .'" NO .. NA 3600000 .. NA lI<lO(a -Fluoranthene 110500 7500 NO NA 43_ "00 16 ,-""",G ~ 

Fluorene 53&0 "0 NO NA ''''''"'' """ NA lI<lO(a -2-Methylnaphthalcnc "0 "'000 NO NA 126000 "00 NA '"""" ~. 

4-Methylphenol (p-cresol) NO NO NO NA 1380 "0 NA ,-","'G 00< 

Naphthalene 430 "000 2 NA HOoo "00 D' 'I<",,~ -Pbenanthrene """" 42000 NO NA 1380000 "00 NA ,-""",G -Pyrenc 107500 3_ NO NA 42_ "00 NA LK""" -
PClt,cidulPCB Compounds 

Aldnn " " NO NA '00 0004 OD -" ~ Aroclor-1260 no "0 NO NA '000 0034 OOJ OOIl(G 00< 

alpha-Chlordane " 24O NO NA '",,00 0" 0004 -" ~ amma-Chlordane '55 34 NO NA ,- 0" 0004 -" -4,4'-000 '" "0 NO NA ''''"'' 028 0025 -" ~ 4,4'_DDE 1115 "0 NO NA 34000 "' 0" 00" -4,4'-ODT " 2"" NO NA 37"",, "' 0",,' -, -OlcJdnn .. "0 NO NA • 00042 00019 '"""G ,,~ 

Endosulfan II NO " NO NA 18000 220 00087 -" -Endnn NO 47 NO NA '000 " 00023 ~ -Endnn Aldehyde • " NO NA '000 " NA_ -Endnn Ketone " • NO NA '000 " NA UOIKG 000 

Heptachlor " NO NO NA 23000 00023 00036 -" ,-
Heptachlor EpoXlde " "" NO NA 700 00012 00036 -, -

D.os.n Compound, 
D'oxln (TCOO TEQ) "S NA NA NA "00 045 10 N<lII(G ~ 

Hydrazme 
Hydru.ne 274 " 2" NA 0088 0022 NA UG/KO w< 

Incrgame Compounds 
AlumInum 12100 36500 """ NA 1000000 37000 NA M<lIl(G -Anumony " 37 '" NA , 

" NA """,0 -A""".c "0 " '" NA 29 '" 36 MGII(G -Banom "0 '"" 1520 NA "00 2800 NA MGII(G = 
Beryllium , 

" NO NA OJ " NA MG'>.G ~ 

CadmIum '" " NO NA S " 93 MG'>.G ~ 

Chrom.um (total) '"' '"' .. NA 1000000 "0 50 ",,",-G -Coball " " " NA 2000 2200 NA ",,",,0 -Copper 1330 """" .. S NA no D_ s" ~, ~ 
Cyamdc "' NA NA NA 40 7)" 3 R ""11(0 I"''', 
'~d 43. 1400 '"2 NA .00 " 85 ""''''' 

~, 

Manganese 27() "00 1620 NA "00 2560 NA """"" = 
Mereur. 0" .. ND NA " " 0025 ~, -NIeld 34. " 

, NA nil 7)0 '" "." ". 
Selemum 0" 22 20 NA , "0 71 ,...,>.0 -Silver " 34 " NA 34 "0 29~ = 
Thallium 0" , .. NA 0" 29 '" - = 
rm 342 NO 3400 "' "000 22000 NA ""' .... G '" 
VanadIum '" " 49 NA 0000 ZOO NA """"" ~ 
Zmc 127() 37"" '" NA """" , "'"" 86 "",""G "'" .. , 
• Screemng Concentrations 

~OIIIO GW . Gener.c SSLs based on OAF ~ 20, from 1'.1')6 SOLI Screenmg Gu.dance or calculated usmg >alue, from Table 6 4 
Tap Waler RRC _ From FPA Rcglon III Rl,l-Based Concentrallon Table, (kln""r n, 1'197 

Ground- Surface 
Water W.~ 

Leaclung M.grahon MLgrahon 
Potenh.1 "'.~ "'"~ 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

m YES NO 

NO NO NO 
YES YES NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO YES 
NO NO NO 

YES NO YES 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES YES NO 
NO NO NO 
NO NO NO 
NO NO YES 

Salt Water Surface Water Chron.c - From EPA Supplemental Gu.dance \0 RAGS RegIOn IV Bullctms, Ecolog.cal RIsk Assc.,men~ No,cmber, I'.I'H, Table 2 
For Inorgamc" the >alue sbown '$ the gro.ler of the rolevant .ereen,ng value or the corre'pond,ng baclground value 

NA - Not .,a.lablcINot apphcable 
ND - NOl detected 

RBC· Rts~ based concentratIOn 
S~L· SOlI screen,ng level 
MGIKG· M,lhgram, per ~Ilogram 
NGIKG· Nanogram, per k.logram 
PGIL· P,eograms per hter 
UGIKG· MIcrogram, per kIlogram 
UGIL· MIcrograms per laer 
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Hydrazine was detected in both surface and subsurface soil at SWMU 8 as well as at AOe 636 

at concentrations exceeding groundwater protection SSLs. The exceedances for hydrazine noted 2 

at this site are primarily in soil samples taken at AOe 636 locations. Hydrazine is commonly 3 

associated with torpedo propellant fuels, and its presence at this site is consistent with historical 4 

activities at AOe 636. The majority of organic compounds detected above SSLs in the soil were 5 

either not detected in the shallow groundwater or were detected at concentrations not exceeding 6 

applicable groundwater protection screening criteria. Two organic constituents were detected in 7 

concentrations above applicable screening levels in shallow groundwater at SWMU 8 - bis(2- 8 

ethylhexyl)pthalate and hydrazine -thus the soil-to-groundwater migration pathway for those two 9 

organic compounds at this site is considered valid. 10 

II 

Seven inorganic analytes were detected in surface or subsurface soil at concentrations exceeding 12 

groundwaterprotectionSSLs. Specifically, antimony, arsenic, copper, lead, manganese, mercury, 13 

and thallium were found to exceed their respective screening levels at this site. Similar to the 14 

organic compounds, most of the inorganic constituents detected above applicable screening levels 15 

are limited to the SWMU 8 soil samples. The presence of some of these inorganic may be 16 

consistent with historical activities at this site as metals are common constituents in waste oil. The 17 

widespread occurrence of antimony relative to other inorganic constituents is unusual, and its 18 

attribution to past activities is conjectural. The presence of antimony at the concentrations and 19 

locations noted may possibly be associated with the fill material used following cessation of site 20 

activities. Two inorganic constituents - antimony and thallium - that were noted to exceed 21 

applicable SSLs were also present in groundwater at concentrations exceeding groundwater 22 

risk-based migration screening levels; copper, lead, and zinc were present in shallow groundwater 23 

at concentrations exceeding saltwater surface water chronic values. The presence of these 24 

constituents in concentrations above applicable groundwater screening levels indicate that the 25 

soil-to-groundwater pathway for inorganic constituents is valid. 26 

27 

10.6.132 
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10.6.5.2 Groundwater-to-Surface Water Cross-Media Transport 

Table 10.6.11 also compares maximum detected organic constituent concentrations in shallow 2 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 3 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 4 

screening values). For inorganic constituents, maximum concentrations in groundwater are 5 

compared to the greater of (a) risk-based drinking water concentrations, or (b) background 6 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 7 

provide a conservative screening, no attenuation or dilution of constituents in groundwater is g 

assumed before comparison to the relevant standards. 9 

10 

Two organic compounds - bis(2-ethylhexyl)pthalate and hydrazine - were present in groundwater II 

at concentrations exceeding the applicable tap water RBC screening levels. Shallow groundwater 12 

exceedances for organic compounds at the site are limited to the SWMU 8 area. Two inorganic 13 

analytes - antimony and thallium - were detected at concentration that exceeded the applicable RBC 14 

screening levels. No organic constituents were present at concentrations exceeding their respective 15 

saltwater surface water chronic screening values. Three inorganic analytes - copper, lead, and 16 

zinc - were present at concentrations exceeding their respective saltwater surface water chronic 17 

screening values. Additionally, all saltwater surface water chronic screening exceedances noted I g 

for u'1is site were found at S\Vfv1U 8. Based on the first-quarter groundwater sainpling results, tJ.'1e i9 

pathways for a number of both organic and inorganic analytes appears to be valid. However, third 20 

quarter groundwater sampling results indicate that hydrazine is the only organic that exceeds the 21 

applicable RBC, and copper is the only inorganic that exceeds the applicable saltwater surface 22 

water chronic screening value. Further, the risk-based pathway is incomplete due to the absence 23 

uf a potential receptur. The groundwater flow directiun at SWMU 8 and AOC 636 is incunsistent 24 

with discharge to a nearby surface water receptor. As a result, from a fate and transport 25 

perspective, both of these pathways are considered invalid. 26 

27 

10.6.133 



10.6.5.3 Soil-to-Air Cross-Media Transport 
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Table 10.6.12 lists the VOCs which were detected in surface soil samples collected at SWMU 8 2 

and AOC 636 along with the corresponding soil-to-air volatilization screening criteria. Eight 3 

VOCs were detected in surface soil but none exceeded the soil-to-air volatilization screening 4 

levels, consequently, the soil-to-air migration pathway is not considered valid. 5 

6 

10.6.5.4 Fate and Transport Summary 7 

With the exception of hydrazine, most of the organic compound exceedances at SWMU 8 and 8 

AOC 636 soil are limited to the SWMU 8 area. The dominant chemical group exhibiting 9 

concentrations above applicable SSLs are the SVOCs, which were noted primarily in surface soil 10 

at the site. These high molecular weight compounds tend to become immobile quite rapidly as II 

they move downward through the soil column, as evidenced by their vertical distribution at 12 

SWMU 8. The presence of dieldrin is inconsistent with historical practices at the site. However 13 

its presence in site soil may be attributable to either a previous application at the site and 14 

surrounding area or as a waste that was disposed of in the disposal area. The presence of 15 

hydrazine in soil is consistent with AOC 636 historical activities. Concentrations of hydrazine 16 

exceed applicable SSLs most prominently at AOC 636. The majority of organic constituents 17 

detected in site soil which exceed applicable SSLs were either not detected in shallow groundwater 18 

or were below applicable groundwater screening levels. However, the soil-to-groundwater 19 

pathway is validated by the presence of bis(2-ethylhexyl)pthalate and hydrazine, both of which 20 

were present above applicable screening concentrations in shallow groundwater. Similar to the 21 

organic compounds detected at SWMU 8 and AOC 636, most of the inorganic analytes exceeding 22 

groundwater protection SSLs are limited to the SWMU 8 area. Although some of the inorganic 23 

constituents detected may be associated with past activities at the site, the widespread occurrence 24 

of antimony relative to other inorganic constituents is notable, and may be associated with the fill 25 

material used to reclaim the area. Thallium and antimony were detected in soil at concentrations 26 

exceeding groundwater protection SSLs. These analytes were also present in groundwater at 27 

10.6.134 



Table 10.6.12 
Soil-to-Air Volatilization Screening Analysis 
NA VBASE Charleston, Zone G: SWMU 8 and AOC 636 
Charleston, South Carolina 

Maximum 
Concentration Soil to 

in Surface Air 
VOCs Soil SSL* 

Acetone 220 100000000 
2-Butanone (MEK) 30 10000 
Carbon Disulfide 2.1 720000 
Chlorobenzene 310 130000 
Ethylbenzene 840 400000 
Toluene 580 650000 
I, 1,1-Trichloroethane 1600 1200000 
Xylene (total) 3400 410000 

Exceeds 
Units SSL 

UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 
UGIKG NO 

* - Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region 1II Risk-Based Concentration Table, June 1996. Value for 2-butanone 
was estimated. 

NA - Not available 
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concentrations exceeding their risk-based screening criteria. Copper, lead, and zinc were present 

at concentrations exceeding saltwater surface water chronic screening levels. The presence of 2 

these constituents at concentrations exceeding applicable groundwater protection screening levels 3 

also supports the velocity of the soil-to-groundwater migration pathway. Shallow groundwater 4 

screening exceedances are limited to the SWMU 8 area. Based on the first-quarter of 5 

groundwater sample results, the pathways for several organics and inorganics appear valid, 6 

however, third-quarter results indicate that only hydrazine and copper exceed the RBC and 7 

saltwater surface water chronic screening levels, respectively. The risk-based groundwater-to- 8 

surface water nathwav is incomnlete due to the absence of a notential recentor. In addition. the 9 
- - -- - - - ... - - -" L ....' 

groundwater flow direction is inconsistent with discharge to a nearby surface water receptor, thus, 10 

from a fate and transport perspective, both of these pathways are considered invalid. No VOCs II 

were detected in surface soil at concentrations above the soil-to-air volatilization screening levels, 12 

thus the soil-to-air pathway is not considered valid. 13 

14 

10.6.6 Human Health Risk Assessment 15 

10.6.6.1 Site Background and Investigative Approach 16 

SWMU 8 contained three unlined pits which were used to dispose of oil sludge from 1944 to 1977. 17 

The pits were filled at one time, and the area was converted to a parking area. AOC 636 is the 18 

fonner tOipedo magazine where subsurface disposal of unused torpedoes and munitions occurred 19 

prior to 1944. The AOC 636 area was primarily marshland at the time, but has since been filled 20 

with dredged materials. Due to their proximity, data from the SWMU 8 and AOC 636 21 

investigations were combined; and the site will be referred to as combined SWMU 8 throughout 22 

this HHRA. 23 

24 

During the RFI, 17 soil samples were collected from the upper interval and 7 soil samples were 25 

collected from the lower interval to identify potential impacts resulting from the activities listed 26 

above. An additional 31 surface soils samples and 16 subsurface soil samples were previously 27 

1O.6.l36 
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collected in 1993. Surface soil samples from all 48 boring locations were used to quantitatively 

assess the direct contact soil exposure pathways. Subsurface soil is addressed relative to indirect 2 

exposure pathways in the previous section, Fate and Transport Assessment for combined 3 

SWMU 8. Seven monitoring wells were installed in the shallow aquifer. Data from the initial 4 

RFI sampling event were used to quantitatively assess groundwater exposure pathways. 5 

Sections 10.6.3 and 10.6.4 provide summaries of the sampling effort for combined SWMU 8 soil 6 

and groundwater. 7 

10.6.6.2 COPC Identification 

Soil 

8 

9 

10 

Based on the screemng comparisons described in Section 7 of this RFI and presented in II 

Tables 10.6.13 and 10.6.14, Aroclor-1260, benzo(a)pyrene equivalents, antimony, arsenic, 12 

chromium, lead, thallium, aldrin, dieldrin, and hydrazine were identified as COPCs in surface 13 

soil. 14 

15 

Groundwater 16 

As shown in Table 10.6.15, antimony, barium, thallium, vanadium, and bis(2-ethylhexyl)phthalate 17 

were identified as COPCs for shallow groundwater at combined SWMU 8. 18 

10.6.6.3 Exposure Assessment 

Exposure Setting 

19 

20 

21 

Combined SWMU 8 is located in an open area. The area is partially asphalt paved, the remaining 22 

area is gravel paved. 23 

24 

Potentially Exposed Populations 25 

Potentially exposed populations are current and future site workers, hypothetical future site 26 

residents, and adolescent site trespassers. Future site resident and worker exposure scenarios were 27 

10.6.137 



Table 10.6.13 
Chemicals Present in Site Samples 
SWMU 8 and AOC 636 - Surface Soil 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency 
of 

Parameter Detection 

PCBs 
iAroclor-1260 · 6 17 

Carcinogenic PAHs 
B{a)P Equiv. · 11 17 
Benzo{a)anthracene · 9 17 
Benzo(b)fluoranthene 10 17 
Chrysene 11 17 
Dibenz(a,h)anthracene 3 17 
Indeno(l,2,3-cd)pyrene 9 17 
Benzo(k)fluoranthene 9 17 
8enzo(a)pyrene · 9 17 

TCDD Equivalents 
Dioxin Equiv. 1 1 
1234676-HpCOO 1 1 
1234678-HpCOF 1 1 
123476-HxCOF 1 1 
i 23676~HxCDF 1 1 
234676-HxCOF 1 1 
OCOD 1 1 
OCDF 1 1 
12376-PeCDF 1 1 
23476-peCOF 1 1 
2378-TCDD 1 1 
2378-TCDF 1 1 

Inorganics 
!Aluminum (AI) 17 17 
f'.ntimony (Sb) · 3 17 
~rseniC (As) · 17 17 
8anum (8a) 17 17 
Beryllium (Be) 17 17 
Cadmium (Cd) 14 17 
Calcium (Ca) N 17 17 
Chromium (Cr) · 17 17 
Cobalt (Co) 16 17 
Copper (Cu) 17 17 
Cyanide (CN) 2 3 
Iron (Fe) N 17 17 
Lead (Pb) · 17 17 
MagneSium (Mg) N 17 17 
Manganese (Mn) 17 17 
Mercury (Hg) 13 17 
Nickel (Ni) 17 17 
Potassium (K) N 13 17 
Selenium (Se) 10 17 
Sodium (Na) N 12 17 
Thallium (TI) · 6 17 
Tin (Sn) 5 17 
Vanadium (V) 17 17 
Zinc (Zn) 17 17 

Pesticides 
alpha-Chlordane 7 17 
gamma-Chlordane 11 17 
4.4'-000 6 17 
4.4'-DDE 10 17 
4,4'-DDT 7 17 
Dieldrin 1 17 

Range 
of 

Detection 

6.5 920 

0.045 9424 
39 940 
42 600 
36 1100 
42 60 
36 290 
40 630 
36 730 

3.66 3.66 
20.4 204 
6.96 6.96 
5.44 5.44 

0.901 0.901 
1.12 1.12 
146 148 

709 7.09 
1.67 1.67 

0.566 0.566 
1.68 1.68 
6.35 6.35 

1640 12100 
0.66 6.4 

1.2 22.6 
7.1 99.1 

0.13 1 
0.11 0.56 

4090 236000 
46 64.2 

055 14 
076 1330 
0.22 0.3 
1650 14600 

4.9 453.5 
216 2550 
7.2 253 

0.04 0.41 
1.9 34.4 

247 990 
035 0.89 
240 1560 

0.42 092 
075 34.2 
42 304 
3.1 1270 

2.2 63 
2.1 51 
31 179 
3.1 117.5 
36 36 
5.2 5.2 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Conc. SQL RBC Background Units RBC Bkgd 

216 76 92 320 NA UG/KG 3 

253 676.16 924.4 66 NA UG/KG 7 
234 370 400 660 NA UG/KG 1 
260 370 400 660 NA UG/KG 
267 360 400 66000 NA UG/KG 

56.3 370 410 66 NA UG/KG 
131 370 400 660 NA UG/KG 
225 370 400 6600 NA UG/KG 
222 370 400 66 NA UG/KG 7 

3.66 NA NA 1000 NA NG/KG 
20.4 NA NA NA NA NG/KG 

7.0 NA NA NA NA NGIKG 
5.4 NA NA NA NA NG/KG 

090 NA NA NA NA NGiKG 
1.1 NA NA NA NA NG/KG 

146 NA NA NA NA NG/KG 
7.1 NA NA NA NA NG/KG 
1.9 NA NA NA NA NG/KG 

059 NA NA NA NA NG/KG 
17 NA NA NA NA NG/KG 
6.4 NA NA NA NA NG/KG 

5951 NA NA 7600 16700 MG/KG 4 
29 0.34 1.1 3.1 2.89 MG/KG 1 1 
6.2 NA NA 0.43 172 MG/KG 17 3 

320 NA NA 550 109 MG/KG 
0.40 NA NA 0.15 1.2 MG/KG 15 
0.30 0.05 0.05 3.9 107 MG/KG 

43159 NA NA NA NA MG/KG 
15.1 NA NA 39 42.8 MG/KG 1 1 
4.5 0.77 0.77 470 6.6 MG/KG 4 
152 NA NA 27000 260 MG/KG 2 2 

026 0.12 0.12 160 0.38 MG/KG 
6359 NA NA NA NA MG/KG 
854 NA NA 400 161 MG/KG 1 2 
1171 NA NA NA NA MG/KG 
77.3 NA NA 180 325 MG/KG 1 
0.16 0.04 014 2.3 1.03 MG/KG 
96 NA NA 160 20.6 MG/KG 2 
500 232 252 NA NA MG/KG 

0.60 034 046 39 1.22 MG/KG 
710 226 357 NA NA MG/KG 

0.69 0.39 0.54 0.63 0.65 MG/KG 4 1 
63 097 4.6 4700 967 MG/KG 1 

13.9 NA NA 55 60.9 MG/KG 
160 NA NA 2300 519 MG/KG 1 

37 1.4 1.6 1600 NA UG/KG 
13.0 1.4 2.5 1600 NA UG/KG 
32.5 2.6 6.9 2700 NA UG/KG 
247 2.8 3 1900 NA UG/KG 
13.9 2.6 13 1900 NA UG/KG 
52 2.8 3.3 40 NA UG/KG 



Table 10 6 13 
Chemicals Present in Site Samples 
SWMU 8 and AOC 636 - Surface SOil 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency 
of 

Parameter Detection 

Semlvolatlle Organics 
Acenaphthene 
~nthracene 
Benzo(g,h,i)perylene 
Benzoic acid 
bis(2-Ethylhexyl)phthalate 
Butylbenzylphthalate 
Dibenzofuran 
Fluoranthene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

Volatile Organics 
2-Butanone (MEK) 

Miscellaneous 
Hydrazlne 

Notes: 
* - Identified as a COPC 
N - Essential nutrient 

. 

SQL - Sample quantltation limit 
MG/KG - milligram per kilogram 
UG/KG - microgram per kilogram 
NG/KG - nanogram per kilogram 
NA - Not applicable 

2 17 
6 17 
9 17 
1 17 
1 17 
1 17 
3 17 

11 17 
2 17 
4 17 
4 17 

10 17 
12 17 

3 12 

7 12 

Range 
of 

Detection 

51 81 
48 220 
38 320 
40 40 

420 420 
130 130 
62 120 
41 2700 
52 170 
42 510 
43 320 
47 1700 
42 2600 

2 30 

128 274 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Conc SQL RBC Background Units RBC Bkgd 

66.0 370 430 470000 NA UG/KG 
91.3 370 410 2300000 NA UG/KG 
137 370 400 230000 NA UG/KG 

40.0 1800 2100 31000000 NA UG/KG 
420 370 430 46000 NA UG/KG 
130 370 430 1600000 NA UG/KG 

86.0 370 430 31000 NA UG/KG 
574 380 400 310000 NA UG/KG 
111 370 430 310000 NA UG/KG 
244 370 430 310000 NA UG/KG 
185 370 430 310000 NA UG/KG 
400 370 400 230000 NA UG/KG 
574 380 400 230000 NA UG/KG 

127 4 28 4700000 NA UG/KG 

721 11.6 16 210 NA UG/KG 1 



Tible 10614 
Chenlcab; Present In stte SflrrgeS - 93 Dlta. 
SWMU 8 and ACe 63Ei - Stlfae. son 
NAVBASE - OIIr\eslI::ln, Zone G 
Chll1esCon, south carolina 

"'~"""" 
Carclnog.nlc PAH. 

B(I)PE~ 
Benzo(a)ardtnlcene -.-Benzo(b)Tllorantl1en& 
8enlO(kjruorlll"l1hene 

""""'" Oibenz(I,h)ardtnlC11'18 
IndenO( 1,2,J..cd)pyrene 

Inorganic. 
~~(~) 
... """"SO} 
~eric(As) 
8111"1.1'11(6111) 
Berylun (Be) 
cad'nlun (Cd) 
Caloun(CaJ 
Ctl"on"iun (crJ 
C.ooa" (C~) 

~-'''") Iron (Fe) 
lead(Pb) 
MIIlw-ti.l'11 (Mg) 
Manganese (Mn) 
Mercuy(Hg) 
NlduII(NI) 
PDiII$Si\nl (Kj 
SlIvef(~) 
SodI.l'11(NI) 

IIlnadl\ll'l(V) 
Z>~'Zn} 

P.'-lcldaalPeS. 
.,4'-000 
.,.'_ODE 
... ·-OOT 

~~ 
~-1260 
<>-" 
Ena1n aldehyde 
Ena1n ketone .. ~~ H...,_ 
HeptacNor epm:1de 

8«nlvol.tU.Orglllnlc. 
2,4-0rYtQtokJane 
2-Me1h)ftIphthaIene 
4-CN0r0ar1lne ---"""""'"" Benzo(g.h.llP«'IWle 
bls(2-E~)pI1'r;a.ll!lta (BEHP) 

-.~ 
"""'''' "'-" F"'n"""'" -"" N._ 

"""" ..... "" 
""..,. 

I!",!~!i!~ O!"g~!"!!e~ 

1,1,1-TncHoroelhll"le 
2-BuIZII1QIl8 (MEK) 

~=(jsUfide 
""""""",,,,, 

,.".,..,"" 
T",""" 
IX~~{T0t8I) 

NOfe$: 
• _ IdenUfted liS a COPC 
N - EssemJal r"KJIJ1errt 
SOl-Sa~ q.JIIlnlrta~on Imrt 
MG'KG - ,"_grams per kllo!Tam 
UG'KG - 1Tl0'"0!JlI1TtS per kllo!Tam 

· 

· 

· 

N 

N 

N 

" 
N 

· 

F,..,...-q R ..... 
of " .-..00 "',",,00 

17 31 0068 85,«3 
7 31 140 430200 

13 31 36 31600 
13 31 27 .1750 
8 31 70 20750 

14 31 555 45000 
4 31 260 4555 
5 31 99 18400 

31 31 600 12000 
2 31 74 76 

30 31 16 150 
31 31 37 120 

1 31 069 069 
7 31 059 185 

31 31 5800 330000 
30 31 37 103 
23 31 12 ? 3S 
25 31 31 400 
31 31 1600 26900 
31 31 23 340 
31 31 140 4100 
31 31 " 282 
28 31 0012 063 
23 31 53 251 
29 31 1iO 1365 

1 31 " 12 
28 31 110 1000 
31 31 33 283 
31 31 28 .40 

• 31 78 45 

• 31 52 n 
3 31 .. " 1 31 41 41 
5 31 28 11 
1 31 n 77 
2 31 85 .. 
1 31 4 • 
1 31 45 45 

11 31 28 955 
1 31 39 39 
5 31 18 11 

1 31 130 130 
8 31 37 500 
1 31 780 780 

• 31 130 5800 
1 31 100 100 
7 31 36 16600 

• 31 94 15850 
7 31 50 370 
2 31 52 " 5 31 '''' 3595 
7 31 42 "'" 23 31 35 110500 
6 31 150 5380 
7 31 38 430 

18 31 30 .5000 
23 31 47 107500 

5 31 1.. 1600 , 31 78 12 
5 31 53 220 
1 31 21 21 

20 31 " 185 
1 31 840 840 
5 31 15 580 
3 31 17 3400 

. ~,. R ..... ~ng Conr:fInIrB1ion.. N...-

""""" .. " Sa_ RB~eed~ Concen1rl.tlon SQl RBC U"" 

7050 .04.3 50842 sa NA UG/KG • 65264 340 3SOO sao NA lJG.O(G 4 
4256 350 440 sa NA UG/KG • 5745 360 3SOO sao NA UG/KG 5 
• 107 340 3SOO .... NA UG/KG 1 
55sa 350 3SOO ..... NA UG/KG 
2011 340 3SOO 88 NA UG/KG 4 
5780 340 3SOO sao NA UG/KG 3 

3269 NA NA 7800 18700 MG/KG 2 
75 48 7 31 2.89 MG/KG 2 2 

105 11 11 0<3 172 MG/KG 30 2 
27.6 NA NA 550 109 MG/KG 1 
069 053 07 015 12 MG/KG 1 
089 054 07 39 107 MG/KG 2 

100303 NA NA NA NA MG/KG 
183 10 10 39 428 MG/KG • 3 
2.!5 1.1 3.1 470 66 MG/KG , 
632 27 27 27000 260 MG/KG 1 
5201 NA NA NA NA MG/KG ". NA NA • 00 181 MG/KG • 
1569 NA NA NA NA MG/KG 

9" NA NA 180 325 MG/KG 4 
012 0.011 0.011 23 10J MG/KG 
10.9 " 56 160 20. MG/KG 2 
357 110 1 .. NA NA MGIKG 
12 11 " 39 NA MG/KG 

350 57 70 NA NA MGIKG 
113 NA NA 55 50. MG/KG 
112 NA NA 2300 519 MG/KG 2 

253 35 " 2700 NA UG/KG 
253 35 " 1900 NA UG/KG 
202 35 " 1900 NA UG/KG 

41 18 43 38 NA UG/KG 1 
7.88 18 22 1800 NA UG/KG 

n 35 420 320 NA UG/KG 
273 35 84 40 NA UG/KG 1 

4 35 " 2300 NA UG/KG 
45 35 " 2300 NA UG/KG 

20. 18 22 1800 NA UG/KG 

3.' 18 22 140 NA UG/KG 
454 18 22 70 NA UG/KG 

130 340 4000 16000 NA UG/KG 

19' 340 4000 310000 NA UG/KG 
780 sao 8000 31000 NA UG/KG 

2250 340 3SOO 470000 NA UG/KG 
100 340 4000 230000 NA UGII<G 

.119 340 3800 2300000 NA UG/KG 
4109 340 3800 230000 NA UG/KG 

164 350 4000 48000 NA UG/KG 
57 340 4000 1600000 NA UG/KG 

"29 '" ~ 32000 !'-I_A. UGlKG 
71. 340 3800 31000 NA UGIKG 

7140 350 38 .. 310000 NA UG/KG 
196' 340 3800 310000 NA UG/KG 

161 340 4000 310000 NA UG/KG 
5926 360 3800 230000 NA UG/KG 
7091 350 430 230000 NA UG/KG 

323 53 7 16000 NA UG/KG 
99 " 70 4700000 NA UG/KG 
116 53 70 780000 NA UG/KG 
21 53 7 780000 NA UG/KG 

30. 54 65 180000 NA UGiKG 

"0 53 7 780000 NA UGiKG 
122 53 67 1600000 NA UG/KG 

1135 53 7 15000000 NA UG/KG 



Table 10.6.15 
Chemicals Present in Site Samples 
SWMU a and AOe 636 - Groundwater 
NAV8ASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency 

Parameter 

Inorganlcs 
Aluminum (AI) 
Antimony (Sb) 
Arsenic (As) 
Banum (Ba) 
Calcium (Ca) 
Chromium (Cr) 
Cobatt (Co) 
Copper (Cu) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 

r"' Potassium (K) 
Selenium (Se) 
Silver (A9) 
Sodium (Na) 
. ha!!ium (T!) 
Tin (Sn) 
Vanadium (V) 

inc (Zn) 

Semlvolatlle Organics 
Benzoic acid 
bis(2-Ethylhexyl)phthalate 
2,4-Dimethylphenol 
Naphthalene 

Volatile Organics 
Ethylbenzene 

• - Identified as a COPC 
N - Essential nutrient 

· 
· 
N 

N 

N 

N 

N · 
· 

· 

SQl - Sample quantitation limit 
UG/l - microgram per liter 
NA - Not applicable 

of 
Detection 

7 7 
1 7 
5 7 
7 7 
7 7 
1 7 
5 7 
2 7 
7 7 
3 7 
7 7 
7 7 
4 7 
7 7 
1 7 
2 7 
7 7 
2 7 
1 7 
6 7 
1 7 

1 7 
1 7 
1 7 
1 7 

2 7 

Range 
of 

Detection 

34 720 
22.6 22.6 
43 17.7 

11.9 1520 
127000 282000 

4.6 46 
0.91 1.8 
22.3 44.8 
1100 22700 

3 10.2 
107000 1060000 

39 1620 
2 3 

50100 322000 
2.9 2.9 
1 4 1.7 

1040000 8850000 
3.9 46 
34 34 
1.3 49 

181 181 

2 2 
46 46 

1 1 
2 2 

2 3 

Average Range Screening Concentration Number 
Detected of Exceeding 

Conc. SOL RBC Background Umts RBC Bkgd 

238 NA NA 3700 692 UG/L 1 
226 2.1 2.1 1.5 485 UG/L 1 1 

8.6 2.5 2.5 0.045 17.8 UG/L 5 
256 NA NA 260 31 UG/L 1 5 

181857 NA NA NA NA UG/L 
4.6 08 4.1 18 3.88 UG/L 1 
1.4 09 0.9 220 1.45 UG/L 2 

33.6 0.6 0.6 13000 8.33 UG/L 2 
9603 NA NA NA NA UG/L 

7.4 1.7 1.7 15 4.6 UG/L 2 
561857 NA NA NA NA UG/L 

580 NA NA 84 2906 UG/L 6 
2.5 0.8 08 73 4.08 UG/L 

180700 NA NA NA NA UG/L 
2.9 2.8 2.8 18 4.3 UG/L 
1.6 1.2 1.2 18 165 UG/L 1 

5135714 NA NA NA NA UG/L 
43 2.7 2.7 0.29 NA UG!L 2 
3.4 2.6 2.6 2200 NA UG/L 

10.9 0.5 0.5 26 15.4 UG/L 1 1 
181 5.3 38 1100 156 UG/L 1 

20 50 50 15000 NA UG/L 
460 10 14 4.8 NA UG/L 1 

1.0 10 10 73 NA UG/L 
2.0 10 10 150 NA UG/L 

2.5 5 5 130 NA UG/L 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section /0 - Site-Specific Evaluations 
Revision: a 

addressed quantitatively in this risk assessment. Current exposure to workers is discussed 

qualitatively in relation to the future site workers and future residents. The hypothetical future 2 

site worker scenario assumes continuous exposure to surface soil conditions. Current site workers 3 

exposure would be less than that assumed for the hypothetical future site worker scenario because 4 

of their limited soil contact. Therefore, the future site worker assessment is considered to be 5 

conservatively representative of current site users. Additionally, the location of SWMU 8 on the 6 

base would deter potential adolescent trespassers under a current use scenario. Since future use 7 

of the site is uncertain, the adolescent trespasser was qualitatively addressed relative to the child 8 

resident. The future site resident scenario was built on the premise t.l}at existing features 'Nould 9 

be removed and replaced with dwellings. 10 

II 

Exposure Pathways 12 

Exposure pathways for the hypothetical future site residents are dermal contact, incidental 13 

ingestion, and inhalation of surface soil resulting from dust emission. The exposure pathways 14 

for future site workers are the same as those for the future site residents with respect to soil. 15 

Uniform exposure was assumed for all sample locations. The groundwater pathway for the 16 

hypothetical future site residents and site workers is incidental ingestion of groundwater. No 17 

VOCs were reported in combined SWMU 8 first-quarter groundwater samples at concentrations 18 

exceeding residential RBCs; therefore the inhalation of volaiiles paihway was noi addressed for 19 

this site. Table 10.6.16 presents the justification for exposure pathways assessed in this HHRA. 20 

21 

Exposure Point Concentrations 22 

Forty-eight surface soil samples were analyzed for this site. Table 10.6.17 presents the EPCs for 23 

the COPCs identified in surface soil, by using the 95 % UCL as discussed in Section 7 of this RFI. 24 

SWMU 8 comprises greater than 10 acres, and as a result, COPC data were evaluated relative to 25 

potential areas of higher concentration encompassing more reasonable exposure unit areas 26 

(one-half acre to one acre in size). Except for Aroclor-1260 and chromium, no areas of higher 27 

10.6.142 



Potentially Exposed 
Popnlation 

Current I,and JJses 

Current Users (Site 
Workers) 

Future I and ITses 

Future Site Residents 
(Chlld and Adultl. 
Future Site Worker 

Table 10.6.16 
Zone G 

Combined SWMU 8 
Exposure Pathways Swnmary 

Medium and Exposure 
Pathway 

Air, Inhalation of gaseous 
contaminants emanating from 
soil 

Air. Inhalation of chemicals 
entrained in fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
duf.ng potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil, Incidental ingestion 

Soil, Dermal contact 

Air, InhalatIon of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
durmg potable or general use 

Shallow groundwater. 
fnhalation of volatilized 
contaminants during domestic 
use 

Soil, InCidental mgestion 

Soil, Oermat contact 

Wild game or domestic 
animals, IngestlOn of tissue 
impacted by media 
contaminatlOn 

Pathway Selected for 
Evaluatjon? 

No 

No (Qualified) 

No 

No 

No (Qualified) 

No (Qualified) 

No 

Yes 

Yes 

No 

Yes 

Yes 

No 

10.6.143 
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Section 10 - Site-Specific Evaluations 
Revision: 0 

Reason for Selection or Exclusion 

Fate and transport screening did not identify any 
COPCs for this indirect exposure pathway c 

Future land use assessment was considered 
conservatively representat~ve of current recepwrs. 

Shallow groundwater is not currently used as a 
source of potable or non-Iesidential water at 
comrn.iled S-v.:'}-viU S. 

Shallow groundwater is not currently used as a 
source of potable or non-residential water at 
combmed SWMU 8. 

Future site use is considered conservatively 
representative of current site use. 

Future site use IS considered conservatively 
representative of current site use. 

Fate and transport screening did not identify any 
copes for dus indirect exposure pathway. 

This exposure -pathway was considered 
iMignificant compared to the other pathways, but 
was included as. -a conservative measure. 

Shallow groundwater is not likely to be used as a 
source of potable or non-residenttal water at 
combmed SWMU 8. ThIs pathway was 
addressed as a conservative measure. 

Volatile copes were not identified subsequent to 
risk-based screening comparisons. 

copes were identified subsequent to nsk-based 
and background screening compansons. 

copes were identified subsequent to risk-based 
and background screening comparisons. 

Huntmg/taking of game and/or raising livestock IS 

prohlblted wlthm the Charleston, South Carolina 
city lunits. 



Potentially Exposed 
fop'datjg" 

Table 10.6.16 
ZoneG 

Combined SWMU 8 
Exposure Pathways Sununary 

Medium and Exposure 
Pathway 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

Pathway Selected for 
EyaJ"atjnn~ 

No 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Beason for Selectjon or Exclusion 

The potential for sigruficant exposure Via this 
pathway is low relative to that Qf other exposure 
pathways assessed. 

concentration were identified for combined SWMU 8 COPCs. As a result, the site-wide EPCs 

were considered representative of any potential exposure unit area within the combined SWMU 8 2 

area (except for Aroclor-1260 and chromium). Aroclor-1260 was reported in three adjacent 3 

surface soil samples at higher concentrations relative to other surface soil samples (636SB005, 4 

636SB007, and 636SB008, representing an area of approximately one-half acre. Likewise, 5 

chromium was reported in three adjacent surface soil samples at higher concentrations relative to 6 

other surface soil samples (008SB 171, 008SB 181, and 008SB311, representing an area of 7 

approximately one-half acre). Alternative EPCs for Aroclor-1260 and chromium were set equal 8 

to the arithmetic mean of the samples representing their respective one-half acre subparcels. 9 

Aroclor-1260 and chromium were considered elevated within their respective subparcels relative 10 

to other potential exposure unit area within combined SWMU 8. II 

12 

Since there were less than 10 groundwater data points for combined SWMU 8, the maximum 13 

concentrations reported for the initial RFI samples were used as EPCs for groundwater. 14 

15 

Quantification of Exposure 16 

Soil 17 

CDIs for ingestion of soils, dermal contact with soils, calculated as described in Section 7, are 18 

shown in Tables 10.6.18 and 10.6.19, respectively. The CDIs for inhalation of dust borne 19 

contaminants emanating for surface soil are shown in Table 10.6.20 and were calculated as 20 

follows. 21 

10.6.144 



Table 10617 
Summary of Statistical Analysis 
Surface Soil copes; SWM:U 8 and AOCs 636 
Naval Base Charleston, Zone G 
Charleston, South Carolina 

Natural Log Transfonned 
cope n mean SD H-stat 

Ino.-gaoin 
Antimony (Sb) 48 0338 1245 2598 
Arsemc (As) 48 1650 0923 2.245 
Chromium (Cr) 48 2429 0843 2167 
Lead (Pb) 48 3411 1352 2729 
Thallium (Tl) 48 -0302 0983 2306 

Carcinogenic PARs 
Benzo(a)pyrene equivalents 48 6543 1095 243 

PesticidesfPCBs 
Aroc1or-1260 48 3429 0896 2218 
Aldrin 48 0007 0.589 1948 
Dieldrin 48 0716 0574 1 937 

Misc~!!~~~O!!S 

Hydrazine 12 2902 1267 3423 

NOTES 
mean Arithmetic mean of the logtransfonned data 

n Number of samples analyzed 
SO Standard deviation for a sample of data 

UCL MAX EPC 
(mglkg) (mglkg) (mglkg) 

49 76 49 UCL 
108 150 10 8 UCL 
21 I 103 677 Alternative EPC 
129 4535 129 UCL 

167 55 167 UCL 

186 854 186 UCL 

006 092 053 Alternative EPC 
00014 0041 00014 UCL 
00028 0046 00028 UCL 

015 02741 015 UCL 

H-stat "H" statistic from Gilbert 1987; cubOIdal mterpolation was used to detennme the value in 
accordance with USEPA Supplemental GUidance to RAGS, Calculating the Concentration Term 

NA Not applicable 
EPC Exposure pomt concentratIOn 
VCL 95 percentile upper confidence level mean 

MAX Maximum reported concentration 
Alternative EPC For chromium, the alternative EPC is the mean of samples 00888171, 008S8181, and 008S83 1 1 

For Aroc1or 1260, the alternative EPC is the mean of samples 636S8005, 63658007, and 63658008 



Table 10618 
Chronic Daily Intakes 
Incidental Ingestion of Surface SOIl 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

FractIOn 
Ingested from 
Contammated 

Chemical Source * 

Inorganics 
Antimony (Sb) 
Arsenic (As) 
Chromium (Cr) 
Lead (Pb) 
ThallIUm (TI) 

Carcinogenic PAHs 
Benzo(a)pyrene eqUivalent 

PCBs 
Aroclor-1260 
Aldrin 
Dieldrin 

Miscellaneous 
Hydrazme 

NOTES 

Exposure 
Pomt 

Concentration 
(mglkg) 

49 
10.8 
677 
129 
167 

186 

053 
00014 
00028 

015 

Future Future Future Future Site 
Resident adult Resident child Resident Iwa Worker adult 

H-CDI H-CDI C-CDI H-CDI 
(mglkg-day) (mglkg-day) (mglkg-day) (mglkg-day) 

668E-06 62JE-05 763E-06 238E-06 
148E-05 I 38E-04 169E-05 528E-06 
927E-05 865E-04 106E-04 331E-05 
I 77E-04 165E-03 2.03E-04 633E-05 
229E-06 213E-05 261E-06 8 16E-07 

255E-06 238E-05 292E-06 912E-07 

7.26E-07 6.78E-06 830E-07 259E-07 
I 94E-09 1.81E-08 2.22E-09 692E-1O 
389E-09 36JE-08 444E-09 I 39E-09 

205E-07 192E-06 235E-07 734E-08 

lwa Lifetime weighted average, used to calculate carcinogenic COl, RAGS Parts A and B 
COl Chrome Daily Intake in mglkg-day 

H-CDI COl for hazard quotient 
C-CDI COl for excess cancer risk 

• Reflects the estimated fractIOn of the site impacted by the correspondmg COPC 

Future Site 
Worker adult 

C-CDI 
(mglkg-day) 

852E-07 
I 88E-06 
I 18E-05 
226E-05 
292E-07 

326E-07 

9.26E-08 
247E-10 
496E-1O 

262E-08 



Table 10619 
Chronic Daily Intakes 
Dennal Contact With Surface Soil 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Exposure Fraction 
Pomt Contacted from 

Dermal I Futu,. Futu" 
Absorption Resident adult Resident child 

Chemical 

Inorganic! 
Antimony (Sb) 
Arsenic (As) 
Chromium (Cr) 
Lead (Pb) 
Thalhum (Tl) 

Carcinogenit PAHs 
Bero.zc(a)pyrene equivalent 

PCBs 
Aroc1or -1260 
Aldrin 
Dieldnn 

Miscellaneous 
Hydrazine 

NOTES 

Concentration Contam inated 

(mglkg) Source ... 

49 
to 8 
677 
129 

167 

186 

053 
0.0014 
00028 

015 

cor Chronic Daily Intake 10 mglkg-day 
H-CDI COl for hazard quotient 
c-cor COl for excess cancer fISk 

F<lct(lr H-C'nI H-CDI 
(unitless) (mglkg-day) (mglkg-day) 

0001 274E-07 904E-07 
0001 6066-07 200E-06 
0001 380E-06 I 25E-05 
0001 727E-06 240E-05 
0001 937E-08 309E-07 

001 ! OSE-06 346E-06 

001 298E-07 983E-07 
001 795E-1O 262E-09 
001 I 59E-09 526E-09 

001 842E-08 278E-07 

The dermal absorption factor was applied to the exposure point concentration 

Futu" I FuMe S,te 
Resident lwa Worker adult 

c-cm H-CDr 
(mglkg-day) (mglkg-day) 

171E-07 I 96E-07 
379E-07 433E-07 
238E-06 271E-06 
455E-06 5.l9E-06 
586E-08 669E-08 

6 SSE-O? ? 4gB-O? 

L86E-07 2.13E-07 
497E-1O 568E-IO 
997E-1O I 14E-09 

527E-08 602E-08 

to reflect the different trans-dermal migration of inorganic versus organic chemicals 
.. Reflects the estimated fraction of the site Impacted by the corresponding cope 

Future Site 
Worker adult 

C-CD! 
(mglkg-day) 

698E-08 
I 55E-07 
970E-07 
I 85E-06 
239E-08 

26?E-O? 

759E-08 
203E-1O 
407E-1O 

2 156-08 



Tllble 10_620 
Chronic Daily Intakes 
InhalatIOn of Surface Soil COPCs Resulting from Dust Emission 
SWMU & and AOC 636 
NA YBASE - Charleston, Zone G 
Charleston, South Carolma 

Chemical 

Inorganics 
Antimony (Sb) 
Arsemc (As) 
Chromium (Cr) 
Lead (Pb) 
Thallium (TI) 

Carcinogenic PAils 
I3enzo(a)pyrene equrvalent 

PCBs 
Aroclor 1260 
Aldrin 
Dieldrin 

MisctllantOU!!I 
Hydrazine 

NOTES 

FractIOn 
Contacted from 
Contaminated 

Source· 

Exposure Future 
Point Resident adult 

Concentration H-CDI 
(mglkg) (mglkg-day) 

49 101E-09 
lOS 2.24E-09 
677 140E-OS 

129 269E-OS 

167 346E-10 

186 387E-1O 

053 I IOE-IO 
00014 294E-13 

O.OO2S 5 S9E-13 

0151 3 lIE-II 

future Future Future Site 
Resident child Resident Iwa Worker adult 

H-CDI C-CDI H-CDI 
(mglkg-day) (mglkg-day) (mglkg-day) 

2 S3E-09 5 S9E-1O 723E-1O 
627E-09 I 30E-09 I 60E-09 
393E-OS S ISE-09 lODE-OS 
752E-OS I 56E-OS I 92E-OS 
970E-1O 202E-10 247E-1O 

1 08E·09 225E-IO 2.76E-IO 

30SE-1O 6.4IE-1I 7.S6E-11 
S 22E-13 I.7IE-13 2.10E-13 
1.65E-12 343E-13 42IE-13 

S 72E-11 ISlE-III 222E-11 

lwa Lifetime weighted average, used to calculate carcinogenic COl, RAGS Parts A and B 
COl Chronic Dally Intake In mglkg-day 

H-CDI COl for hazard quotient 
C·CDI COl for excess cancer risk 

• Reflects the estimated fraction of the Site Impacted by the correspondmg COPC 

Future Site 
Worker adult 

C-CDI 
(mglkg-day) 

25SE-1O 
571E-1O 
35SE-09 
6 S5E-09 
S S3E-11 

9.87E-ll 

2.SIE-11 
7.49E-14 
1.50E-13 

794E-12 
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Inhalation of Dust Borne Contaminants Emanating from Soil: 

Noncarcinogens: 

Cs*IRQdult*EFre~ *ED adult * IIPEF*FC 
CDladuil 

AT NC -adult * B Wadult 

Carcinogens: 

Variable Description 

BW.dult average adult body weight (70 kg) 

nUT ...... ",_ ............. ..... t..~lA ......... A ... ..... ""~ ..... t..+ ................. 1 + ..... t::. ... ", .. _,., 11, 1T<"-'\ 
II YV chIld av~.ao\.. Iv.lUIU LJvuy w,,",J..5u.L-a5~" J. lV v yt;;aJ.., \..L-' A1::,) 

EdchHd residential child exposure duration (6 yr) 

ED.dult residential adult exposure duration (24 yr) 

EDw site worker exposure duration (25 yr) 

Ef", residential exposure frequency (350 days/year) 

Efw worker exposure frequency (250 days/year) 

Irchild child inhalation rate (12 m3/day) 

IRad] lifetime weighted average inhalation rate (11.66 m'-yr/kg-day) 

IR.dult adult inhalation rate (20 m3/day) 

ATNC_ch;ld averaging time - noncarcinogen, child (2,190 days) 

ATNC_adult averaging time - noncarcinogen, adult (8,760 days) 

ATNC_w averaging time - noncarcinogen, site worker (9,125 days) 

ATc averaging time - carcinogen (25,550 days) 

C, chemical concentration in surface soil - EPC (mg/kg) 
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particulate emission factor (1.32E+09 m3/kg) - Soil Screening 

Guidance 

Fraction contacted (1) 

CDls for the groundwater pathway are shown in Table 10.6.21. 

10.6.6.4 Toxicity Assessment 

2 

3 

4 

6 

7 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.6.22 9 

presents toxicological information specific to each COPC identified at combined SWMU 8. This 10 

information was used in the quantification of risk/hazard associated with soil contaminants. Brief II 

toxicological profiles for each COPC are provided in the following paragraphs. 12 

13 

Aidrin is a man-made insecticide which was used wideiy by farmers from the 1950s to the early 14 

1970s. Aldrin was also used for soil treatment as well as by exterminators to kill termites through 15 

the treatment of soil under houses. The main effects of short-term exposure to high levels of 16 

aldrin are headaches, dizziness, irritability, loss of appetite, nausea, muscle twitching, 17 

convulsions, and loss of consciousness and death. Most symptoms disappear with time after 18 

removal from exposure. The effects of long-term exposure to aldrin in humans have not been 19 

clearly demonstrated. Aldrin fed to mice caused liver cancer. 20 

21 

There is inconclusive evidence in humans, but more evidence in animals, that aldrin exposure of 22 

a pregnant mother may be associated with harm to the fetus. Aldrin is absorbed into the blood 23 

from the gastrointestinal tract, through the skin, or by inhalation. The percentage of an oral dose 24 

absorbed has not been accurately determined because of the enterohepatic circulation system. In 25 

humans, 20 to 50% of inhaled aldrin is retained, and about 8 % of a dermal dose of aldrin is 26 

absorbed (5 days). There is rapid conversion of aldrin to the epoxide dieldrin, which results in 27 
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Table 10 6 21 
Chronic Daily Intakes 
Ingestion of COPCs in Groundwater 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Exposure 
Point 

Concentration 
Chem;cal (.,..,,,I1;t ..... \ 

\ ... ~ ...... , 
Inorganic!! 

Antimony (Sb) 00226 
Banum (8a) 152 
ThallIUm (Tl) 00046 
VanadIUm (V) 0049 

SemivoJatile Organics 
bls(2-Ethylhexyl)phthalate 0046 

NOTES 

Future 
Resident adult 

H-CDI 
(.,..,,,,fl,,,,_,.j,,,,\ 
\'''",,~e ~~J I 

6 19E-04 
416E-02 
126E-04 
1 34E-03 

126E-03 

lwa Lifetime weighted average 
COl Chronic Daily Intake 

Future Future 
Resident child Resident lwa 

H-eDl C-CDI 
(.,..,,.,.fl, ... ,.j~,,\ (~ ... IL· ... ...1..,,,\ 
' .. ·&"e· ...... JI \· .. &"6-......... .11 

1 44E-03 341E-04 
972E-02 229E-02 
294E-04 693E-05 
3 \3E-03 738E-04 

294E-03 693E-04 

H-CDI Noncarcinogenic hazard based Chrome Dally Intake 
C-CDI Carcinogemc risk based Chronic Daily Intake 

Future Future 
Worker adult Worker adult 

H-eDl C-CDI 
(.,.., ... fl, ... ,.j..,,,\ (".., ... IL .... ,.j..,,,\ 
\"'5"'5-"''''.1) \ .. '61"-5-...... .11 

221E-04 7.90E-05 
149E-02 531E-03 
450E-05 161E-05 
479E-04 \.7IE-04 

450E-04 161E-04 
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aldrin rarely being found in the blood or tissues. Excretion is primarily in the feces via the bile. 

In humans and animals, urinary excretion is minor. An oral RID for aldrin has been determined 2 

as 3.0E-05 mg/kg-day using based on a LOAEL of 0.5ppm and an uncertainty factor of 1000 in 3 

a hepatic effects study performed on rats. The modifying factor is 1. Carcinogenic slope factors 4 

have also been determined for aldrin. The oral SF is 17 (mg/kg-day)!, and the inhalation SF is 5 

17.1 (mg/kg-dayy!. 6 

7 

Antimony belongs to the same periodic group as arsenic. This element is absorbed slowly through 8 

t.1.e gastrointestinal tract, which is the target of t..'1is element. Anotb.er target is the blood, where 9 

antimony concentrates. The primary exposure route for antimony to the general popUlation is 10 

ingestion. Antimony is also a common air pollutant from industrial emissions. USEPA has not 11 

classified antimony as a carcinogen, and the oral RID is 0.0004 mg/kg-day (Klaassen, et aI, 1986). 12 

The oral RID is based on a LOAEL of 0.35 mg/kg-day, an uncertainty factor of 1000, and a 13 

modifying factor of 1 (IRIS). 14 

15 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 16 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 17 

effects (Klaassen et aI., 1986). USEPA set 0.3 "g/kg-day as the RID for arsenic based on a 18 

NOAEL of 0.8 "g/kg-day in a human exposure study. Arsenic's effects on the nervous and 19 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. 20 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhaling 2! 

these materials can lead to increased lung cancer risk, and ingestion is associated with increased 22 

skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set the 23 

1.5 (mg/kg-dayy! oral SF for arsenic. As listed in IRIS, the classification is based on sufficient 24 

evidence from human data. An increased lung cancer mortality was observed in mUltiple human 25 

populations exposed primarily through inhalation. Also, increased mortality from mUltiple internal 26 

organ cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were 27 
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observed in populations consuming drinking water high in arsenic. Human milk contains about 

3 ,ug/L arsenic. The RBC for arsenic in tap water is 0.045 ,ug/L. As listed in IRIS, the critical 2 

effect of this chemical is hyperpigmentation, keratosis, and possible vascular complications. The J 

oral uncertainty factor used for arsenic was 3 and the modifying factor was I. 4 

5 

Barium is used in various alloys, paints, soap, and manufacturing processes. Barium sulfate is 6 

used to aid x-ray diagnosis. This element is relatively abundant in nature and is commonly found 7 

in plant and animal tissue. Brazil nuts contain 3 to 4 mg barium per gram nuts. The fatal 8 

absorbed dose of barium is approximately 1000 mg (for humans). Assuming an absorption 9 

efficiency of five percent for barium, 20,000 mg ingested barium could be fatal. Major toxic 10 

effects of this element are muscle stimulation, central nervous system effects, and effects on the II 

heart. The major critical effect is increased blood pressure. USEPA determined the oral RID and 12 

inhalation RID to be 0.07 and 1.43E-4 mg/kg-day, respectively (Dreisbach, et ai, 1987) (Klaassen, 13 

et ai, 1986), based on a medium confidence level. The oral uncertainty factor for barium is 3 and 14 

the oral modifying factor is 1. Barium has been issued a carcinogenic weight -of-evidence 15 

classification of "D" . 16 

17 

Benzo(a)pyrene equivalents include the following list of PARs: 18 

Benzo( a )anthracene TEF 0.1 19 

Benzo(b )fluoranthene TEF 0.1 20 

Dibenz(a,h)anthracene TEF 1.0 21 

Benzo(k)fluoranthene TEF 0.01 22 

Benzo(a)pyrene TEF 1.0 23 

Indeno(I,2,3-cd)pyrene TEF 0.1 24 

Chrysene TEF 0.001 25 

26 

10.6.154 



Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of these PAHs 

have not been well established. There are no RIDs for the PAHs above due to a lack of data. All 2 

PAHs listed are classified by USEPA as B2 carcinogens, and their carcinogenicity is addressed 3 

relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg/day)"l. Toxicity Equivalency 4 

Factors, also set by USEPA, are multipliers that are applied to the detected concentrations, which 5 

are subsequently used to calculate excess cancer risk. These multipliers are discussed further in 6 

the exposure and toxicity assessment sections. Most carcinogenic P AHs have been classified as 7 

such due to animal studies using large doses of purified P AHs. There is some doubt as to the 8 

validity of these listings, and the SFs listed in USEPA' s RBC table are provisional. However, 9 

these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic 10 

substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the 11 

benzo(a)pyrene B2 classification is human data specifically linking benzo(a)pyrene to a 12 

carcinogenic effect are lacking. There are, however, mUltiple animal studies in many species 13 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 14 

15 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 16 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified. This 17 

section provides information on three aspects of the carcinogenic risk assessment for the agent in 18 

question. The USEPA classification and quantitative estimates of exposure reflects a weight-of- 19 

evidence judgment of the likelihood that the agent is a human carcinogen. The quantitative risk 20 

estimates are presented in application of a low-dose extrapolation procedure and presented as the 21 

risk per (mg/kg)/day. The unit risk is the quantitative estimate in terms of either risk per ,ug/L 22 

drinking water or risk per ,ug/rrf air breathed. The third form in which risk is presented is 23 

drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The 24 

Carcinogenicity Background Document provides details on the carcinogenicity values found in 25 

IRIS. Users are referred to the Oral Reference Dose and Reference Concentration sections for 26 

information on long-term toxic effects other than carcinogenicity. 27 
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The basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is listed in IRIS 

as no human data and sufficient data from animal bioassays. Benzo(b )fluoranthene produced 2 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin 3 

painting. The basis for the benzo(a)anthracene B2 classification is listed in IRIS as no human data 4 

and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice exposed 5 

by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical application. 6 

Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and transformed 7 

mammalian cells in culture. The basis for the benzo(k)fluoranthene B2 classification is listed in 8 

tumors after lung implantation in mice and when administered with a promoting agent in skin- 10 

painting studies. Equivocal results have been found in a lung adenoma assay in mice. II 

Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et aI., 1986). 12 

13 

bis(2-Ethylhexyl)phthalate, otherwise known as BEHP, is a plasticizer used in virtually every 14 

major product category. Phthalate esters are ubiquitously distributed in the environment. 15 

Although the toxicity of this compound is relatively low, it is a carcinogen. Reproductive effects 16 

are also possible (indicated in animal studies) due to chronic exposure to BEHP. This compound 17 

is classified as a B2 carcinogen, and USEPA set the oral RID and oral SF to 0.02 mg/kg-day and 18 

0.014 (mg/kg-daYr', respectively (Kiaassen et ai., 1986). The uncertainty factor used for bis(2- 19 

Ethylhexy)phthalate is 1000. 20 

21 

Chromium exists in two stable, natural forms: CrIll and hexavalent CrVI. Acute exposure to 22 

chromium can result in kidney damage following oral exposure or damage to the nasal mucosa and 23 

septum following inhalation exposure. Chronic inhalation exposure to CrYI has resulted in kidney 24 

and respiratory tract damage, as well as excess lung cancer in both animals and humans following 25 

occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). Oral RID 26 

values for CrIll and CrVI are 1.0 and SE-3 (mg/kg-day), respectively. For CrVI, the RID is 27 
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based on liver toxicity in rats. For CrVI, the RID is based on unspecified pathological changes 

observed in rat studies. In addition, CrVI is considered a group A carcinogen for inhalation 2 

exposures, and an oral SF of 42 (mg/kg-day}, has been established for the hexavalent form. 3 

Vitamin supplements contain approximately 0.025 mg of chromium. As listed in IRIS, no critical 4 

effects were observed for CrIll. The uncertainty factor was 100 and the modifying factor was 10. 5 

As listed in IRIS, no critical effects were observed for CrVI. The uncertainty factor was 500 and 6 

the modifying factor was 1. 7 

8 

Dieldrin is a polycyclic cl"Jori..'1ated pesticide. Short-term exposure to high doses of dieldrin 9 

causes tremors and convulsions. Chronic exposure can cause emotional and neuromuscular 10 

disturbances. Exposed individuals revert to normal approximately one week after the dieldrin II 

source is removed. Dieldrin is classified as a B2 carcinogen by USEPA; the oral SF, inhalation 12 

SF, and oral RID were set to 16 (mg/kg-day}l, 16.1 (mg/kg-dayyl, and 0.00005 mg/kg-day, 13 

respectively (Dreisbach et al., 1987). 14 

15 

Hydrazine is a reducing agent used in nuclear fuel reprocessing, polymerization catalysis, 16 

corrosion inhibition in boiler feedwater & reactor cooling water, wastewater treatment, electrolytic 17 

plating of metals on glass & plastics, and rocket propellants. Toxic effects of hydrazine include 18 

conjunctivitis, pulmonary edema, anemia (hemolytic), ataxia, convulsions, kidney toxicity, and 19 

liver toxicity (HSDB). USEPA has given hydrazine a B2, probable human carcinogen, rating 20 

based on inadequate human data and the induction of tumors in mice, rats and hamsters following 21 

oral, inhalation or intraperitoneal administration of hydrazine and hydrazine sulfate. An oral slope 22 

factor of 3 (mg/kg-dayyl and an inhalation slope factor of 17.1 (mg/kg-day}' have been set by 23 

USEPA (IRIS). 24 

25 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RID or 26 

SF has been set by USEPA. However, an action level of 400 mg/kg for soil protective of child 27 
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residents has been proposed by USEPA Region IV. USEPA's Office of Water has established 

a treatment technique action level of 15 /A-g/L. The classification as listed in IRIS, is based on 2 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 3 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 4 

lead salts. Animal assays provide reproducible results in several laboratories, in mUltiple rat 5 

strains with some evidence of mUltiple tumor sites. Short -term studies show that lead affects gene 6 

expression. Human evidence is inadequate. An RID and SF have not been set because of the 7 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 8 

observed in the eNS, blood, and mental development of children. RIDs are based on the 9 

assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity). 10 

Once lead accumulates in the body, other influences cause the actual levels in the blood to II 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 12 

exposed individual has previously been exposed to lead, this individual could lose weight and set 13 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 14 

reasons lead effects are difficult to predict (Klaassen et aI., 1986). IS 

16 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 17 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 18 

eye and lung irriraiion, loss of appeiite, iiver enlargement, increased serum liver enzyme ieveis, 19 

rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 20 

Of the effects listed above, the liver is the primary target organ (Klaassen, et aI., 1986) 21 

(Dreisbach, et aI., 1987). USEPA classified PCB aroclors as group B2 probable human 22 

carcinogens, primarily based on animal data. Oral ingestion of PCBs causes liver and stomach 23 

tumors in rat studies. The cancer potency of PCB mixtures is determined using a tiered approach. 24 

The high risk and persistence tier uses an upper-bound slope factor of 2.0 (mg/kg-day)'1 and is 25 

appropriate for food chain exposures, sediment and soil ingestion, dust or aerosol inhalation, and 26 

dermal exposure. The low risk and persistence tier uses an upper-bound slope factor of 27 
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0.4 (mg/kg-dayyl and is appropriate for ingestion of water soluble congeners and inhalation of 

evaporated congeners. The lowest risk and persistence tier uses an upper-bound slope factor of 2 

0.07 (mg/kg-dayyl and is appropriate for PCB congener mixtures with congeners having more 3 

than four chiorines comprising less than 112 % of the mixture. 4 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 6 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 7 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 8 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 9 

USEPA's oral RID for thallium is 0.00008 mg/kg-day (Klaassen, et ai., 1986) (Dreisbach, 10 

et aI., 1987). The uncertainty factor used for thallium is 3000. 11 

12 

Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 13 

It is also a by-product of petroleum refilling. Vanadium is soluble in fats and oils (Klaassen 14 

et aI., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is unclear, IS 

and the primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 16 

supplements contain approximately 0.010 mg in a daily dose. The oral RID set by USEPA is 17 

0.007 mg/kg-day. 18 

10.6.6.5 Risk Characterization 

Surface Soil Pathways 

19 

20 

21 

Exposure to surface soil onsite was evaluated under residential and site worker scenarios. For 22 

these scenarios, the incidental ingestion, dermal contact, and inhalation exposure pathways were 23 

evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 24 

computed separately to address child and adult exposure. Tables 10.6.23, 10.6.24. and 10.6.25 25 

present the computed carcinogenic risks and/or HQs associated with the incidental ingestion, 26 

dermal contact, and inhalation of site surface soils, respectively. 27 
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Table 10623 
Hazard QuotIents and Incremental Lifetime Cancer Risks 
IncIdental Surface SOli Ingestion 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carohna 

Oral RID 
Used 

ChemICal (mglkg-day) 

Inorganics 
Antimony (Sb) 00004 
Arsenic (As) 00003 
Chromium (Cr) 0005 
Lead (Pb) NA 
Thallium (Tl) BE-OS 

Cardnogenic PAHs 
Benzo(a)pyrene equivalent NA 

PCBs 
Aroclor-1260 NA 
Aldnn 3E-OS 
Dleldrm SE-OS 

Miscellaneous 
Hydrazme NA 

SUM Hazard IndexlILCR 

NOTES 

Oral SF 
Used 

(mglkg-day)-I 

NA 
IS 

NA 
NA 
NA 

7 J 

2 
17 
16 

NA Not available 

Future Future 
Resident adult Resident child 

Hazard QuotIent Hazard Quotient 

0017 016 
0049 046 
0019 017 

NO NO 
0029 027 

NO NO 

NO NO 
o 00006S 000060 
o 00007B 000073 

NO NO 

0.1 

ND Not Detennmed due to lack of avaIlable mfonnatlOn 

Future Future Site 
Resident lwa Worker adult 

ILCR Hazard Quotient 

NO 00060 
2 SE-OS OOIB 

NO 00066 
NO NO 
NO 0010 

2 IE-OS NO 

I7E-06 NO 
3 BE-OB 0000023 
7IE-OB o 00002B 

70E-07 NO 

SE-OS 004 

lwa LIfetime weighted average, used to calculate excess carcmogemc risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 

Future Site 
Worker adult 

ILCR 

NO 
2 BE-06 

NO 
NO 
NO 

24E-06 

I 9E-07 
42E-09 
79E-09 

79E-OB 

SE-06 



Table 10624 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Dennal Contact With Surface SOIl 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Ch~rleston, South Carolina 

Oral RID 
Dennal Used 

Oral SF I Future 
Used Resident adult 

Chemical Adjustment (mglkg-day) (mglkg-day)-I Hazard Quotient 

Inorganics 
Antimony (Sb) 
Arsemc (As) 
Chromium (Cr) 
Lead (Pb) 
Thallium (TI) 

Carcinogenic PAHs 
Benzo(a)pyrene equIvalent 

PCBs 
Aroclor 1260 
Aldrin 
Dieldrin 

Miscellaneous 
Hydrazme 

ISUM Hazard IndexlILCR 

NOTES 

02 
02 
02 
02 
02 

05 

05 
0.5 
0.5 

05 

NA Not available 

8E-05 
6E-05 
0001 

NA 
I 6E-05 

NA 

NA 
I 58-OS 
25E-05 

NA 

NA 
75 
NA 
NA 
NA 

146 

4 
34 
32 

6 

00034 
0010 

00038 
ND 

00059 

ND 

ND 
0000053 
0000064 

ND 

002 

ND Not Detennmed due to lack of available mfonnatlOn 

Future 
Resident child 

Hazard Quotient 

001 I 
0033 
0013 

ND 
0019 

ND 

ND 
000017 
000021 

ND 

0.08 

Future I Future Site 
Resident lwa Worker adult 

ILCR Hazard Quotient 

ND 
288-06 

ND 
ND 
ND 

96E-06 

75E-07 
I 7E-08 
32E-08 

32E-07 

IE-OS 

00024 
0007 

00027 
ND 

00042 

ND 

ND 
0000038 
0000046 

ND 

002 

Iwa Lifetime weighted average, used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 

Dennai to absorbed dose adJusimem factor IS appiied to adjust for Orai SF and RiD (I e , the orai RID IS based 
on oral absorption effiCiency which should not be applied to dermal exposure and dermal COl) 

Futuer Site 
Worker adult 

ILCR 

ND 
12E-06 

ND 
ND 
ND 

39E-06 

30E-07 
69E-09 
I 3E-08 

I 3E-07 

6E-061 



Table 10 6 25 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Inhalation of Surface Soil COPCs Resulting from Dust Emission 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Inhalation RID Future Inha}~lio,n SF I 
Used u::;ea Resident aduil 

Chemical (mg/kg-day) (mg/kg-day~ I Hazard Quotient 

Inorganics 
Antimony (Sb) NA NA NO 
Arsenic (As) NA 15 I NO 
Chromium (Cr) 571E-07 42 0025 
Lead (Pb) NA NA NO 
Thallium (TI) NA NA NO 

Carcinogenic PAHs 
Henzo(a)pyrene equivalent NA ). i ND 

PCBs 
Aroclor 1260 NA 2 NO 
Aldrin NA 17 I NO 
Dieldrin NA 16 I ND 

Miscellaneous 
Hydrazme NA 17 I ND 

I SUM Hazard Indexf[LCR 002 

NOTES 
NA Not available 

Future 
RI;:::;ldt:nl chiid 

Hazard Quotient 

NO 
NO 

0069 
NO 
NO 

ND 

NO 
NO 
NO 

NO 

007 

ND Not Determined due to lack of available informatIOn 

Future 
I 

Future Site 
RI;:::;idl;:nl iwa Worker aduh 

ILCR Hazard Quotient 

NO NO 
2 DE-OS NO 
3 4E-07 OOIS 

NO NO 
NO NO 

70E-IO ND 

I 3E-1O NO 
29E-12 NO 
55E-12 ND 

3IE-1O NO 

4E-07 002 

Iwa I :t'_~: __ ... _._L.~_.1 _ •• __ ~_ •• ~~.1 0 _ __ 1_ •• 1_~ __ ~ ... ~_~ ... nr ... ;~~~a~.-" P ... L- .1 ... -: •• _.1 ~r __ D A ~<;;' Dn .... A 
LU,"""",", ...... '0" ....... Qv ..... a O .... , ... " ...... lV ... a ........ a ..... ... l'I. ....... ,," ... "" ....... V O""" ..... """ ........ V ...... UV'" ...... 'J'-' I a •• n. 

ILCR I ncremental lifetIme Cancer Risk 

Future Site 
Worker aduh 

ILCR 

NO 
S.6E-09 
15E-07 

NO 
NO 

J Ic-lU 

56E-1I 
13E-12 
24E-12 

14E-IO 

2E-07 I 



Hypothetical Site Residents 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined 2 

SWMU 8 surface soils is 5E-05; the dermal pathway ILCR is IE-05; the inhalation pathway ILCR 3 

is 4E-07. Arsenic and benzo(a)pyrene equivalents were the primary contributors to ILCR 4 

projections for the ingestion and dermal pathways, while Aroc\or-I260 and hydrazine were 

secondary contributors. 6 

7 

The ingestion His projected for the adult and child receptors are 0.1 and 1, respectively; the 8 

dermal pathway HIs were 0.02 for the adult resident receptor and 0.08 for the child resident 9 

receptor; the inhalation pathway HIs projected for the adult and child receptors are 0.02 and 0.07, 10 

respectively. Antimony, arsenic, chromium, and thallium contributed to a cumulative hazard II 

index of 1. 12 

13 

Hypotheticai Site Workers 14 

Site worker ILCRs are 5E-06 for the ingestion pathway, 6E-06 for the dermal contact pathway, IS 

and 2E-07 for the inhalation pathway. Arsenic and benzo(a)pyrene equivalents were the primary 16 

contributors to ILCR projections for the ingestion and dermal pathways. 17 

18 

Site worker HIs were 0.04 for the ingestion pathway, 0.02 for the dermal pathway, and 0.02 for 19 

the inhalation pathway. 20 

21 

Groundwater Pathways 22 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 23 

results of the first-quarter sampling event. The ingestion exposure pathway was evaluated 24 

assuming the site groundwater will be used for potable and/or domestic purposes and that an 25 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 26 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 27 
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Section 10 - Site-Specific Evaluations 
Revision: 0 

separately for child and adult receptors. Table 10.6.26 presents the risk and hazard for the 

ingestion pathway. Since no VOCs were identified as COPCs in combined SWMU 8 groundwater 2 

samples at concentrations exceeding their corresponding RBCs, the inhalation pathway was not 3 

addressed for groundwater at this site. 4 

Hypothetical Site Residents 6 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined 

SWMU 8 groundwater is IE-05. The sole contributor to ILCR projections for the ingestion 8 

pathway is bis(2-ethylhexyl)phthalate. 9 

10 

The ingestion HIs projected for the adult and child receptors are 4 and 9, respectively. Antimony, II 

barium, and thallium were primary contributors to HI projections for the ingestion pathway. 12 

Vanadium and bis(2-ethylhexyl)phthalate were secondary contributors. 13 

14 

Hypothetical Site Workers 15 

The site worker ILCR is 2E-06 for the ingestion pathway, and bis(2-ethylhexyl)phthalate was the 16 

sole contributor to ILCR projections. 17 

18 

The site worker HI is 1 for the ingestion pathway. Antimony and thallium were the primary 19 

contributors to HI projections for the ingestion pathway. 

bis(2-ethylhexyl)phthalate were secondary contributors. 

Current Site Workers 

Barium, vanadium, and 20 

21 

22 

23 

Shallow groundwater is not currently used as a potable water source for combined SWMU 8 or 24 

other areas of Zone G. In the absence of a completed exposure pathway, no threat to human 25 

health is posed by reported shallow groundwater quality. 26 

10.6.164 
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Lead 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Lead was identified as a COPC based on screening comparisons summarized on Table 10.6.13. 2 

The reported soil lead concentration only exceeded the 400 mg/kg AL in one of 48 samples 

collected (453.5 mg/kg in 636SBOO2). The 95% UCL for lead determined using surface soil data 4 

generated during both the 1993 and RFI sampling events is 129 mg/kg which is below the AL for 

lead (summarized on Table 10.6.17). As a result, lead was not addressed further in this 6 

assessment. 7 

8 

COCs Identified 9 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard 10 

projections for this site on a medium-specific basis. USEPA has established a generally acceptable II 

risk range of lE-04 to lE-06, and a hazard index threshold of 1.0 (unity). As recommended by 12 

SCDHEC, a COC was considered to be any chemical contributing to a cumulative risk level of 13 

lE-06 or greater andior a cumulative hazard index above 1.0, and whose individual ILCR exceeds 14 

lE-06 or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively 15 

conservative, because a cumulative risk level of lE-04 (and individual ILCR of lE-06) is 16 

recommended by USEPA Region IV as the trigger for establishing COCs. The COC selection 17 

method presented was used in order to provide a more comprehensive evaluation of chemicals 18 

contributing to carcinogenic risk or noncarcinogenic hazard during the remedial goal options 19 

development process. Table 10.6.27 presents the COCs identified for combined SWMU 8 surface 20 

soil and groundwater. 21 

22 

Surface Soils 23 

Future Site Residents 24 

Aroclor-1260, arsenic, benzo(a)pyrene equivalents, and hydrazine were identified as soil pathway 25 

COCs based on their contribution to cumulative residential ILCR projections. Hydrazine did not 26 

exceed USEPA's acceptable threshold of lE-06 in any of the individual exposure pathways, and 27 
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Table 10627 
Summary of Risk and Hazard~based COCs 
SWMU B and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Future Future Future 
Exposure Resident Adult ReSident Child Resident lwa Site Worker Identification 

MedIUm Pathway Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR ofCOCs 
Surface Soli Incidental Inorganics 

IngestIOn Antimony (Sb) 0017 016 NO 00060 NO 
Arsemc (As) 0049 046 25E-05 001B 2 BE-06 2 4 
ChromIUm (Cr) 0019 017 NO 00066 NO 
Lead (Ph) NO NO NO NO NO 
Thallium (TI) 0029 027 NO 0010 NO 

Carcinogenic PAHs 
Benzo(a)pyrene equivalents NO NO 2 IE-OS NO 24E-06 2 4 

PesticidesIPCBs 
Aroelor-1260 NO NO I 7E-06 NO I 9E-07 2 
Aldrin 0000065 0.00060 3.BE-OB 0000023 42E-09 
Dleldnn o 00007B o D0073 7IE-OB o DOO02B 79E-09 

Miscellaneous 
Hydrazme NO NO 70E-07 NO HE-OB 

Dennal Inorganics 
Contact Antimony (Sb) 00034 0011 NO 00024 NO 

Arsenic (As) 0010 0033 2 BE-06 0007 12E-06 2 4 
Chromium (Cr) 0003B 0.013 NO 00027 NO 
Lead (Ph) NO NO NO NO NO 
Thallium (TI) 00059 0019 NO 00042 NO 

Carcinogenic PAHs 
Benzo(a)pyrene eqUIvalents NO NO 96E-06 NO 39E-06 2 4 

PesticidesIPCBs 
Aroelor 1260 NO NO 75E-07 NO 3E-07 
Aldrm o DOO053 000017 17E-OB o 00003B 69E-09 
Dieldrin 0000064 000021 32E-OB 0000046 I 3E-OB 

Miscellaneous 
Hydrazine NO NO 32E-07 NO I 3E-07 

InhalatIOn Inorganics 
Antimony (Sb) NO NO NO NO NO 
Arsenic (As) NO NO 20E-OB NO B 6E-09 
Chromium (Cr) 0025 0069 34E-07 O.QlB I.5E-07 
Lead (Pb) NO NO NO NO NO 
Thallium (Tl) NO NO NO NO NO 

Carcinogenic PAHs 
Benzo(a)pyrene eqUIvalents NO NO 70E-IO NO 31E-1O 

PesticidesIPCBs 
Aroelor 1260 NO NO 13E-1O NO 56E-ll 
Aldnn NO NO 2.9E-12 NO I 3E-12 
Dieldrm NO NO 55E-12 NO 24E-12 

Miscellaneous 
Hydrazine NO ND 31E-1O NO 14E-IO 



{Surface Soil Pathway Sum 0.2 
Groundwater IngestIon 
Pathways Inorganics 

Antimony (Sb) I 5 

Banum (Ba) 059 
Thalhum (Tl) 16 

VanadIUm (V) 019 

Semivolatile Organics 
bls{2-Ethylhexyl)phthalate 0063 

! Groundwater Pathway Sum 4 
"',,~ ~f' A II D~.I.. .. ·.,,,<, 4 I ....... ' 'H ''', ... , ........ ~., 

Notes 
ND Indicates not detennmed due to the lack of available nsk mfonnation 
NA Not applicable 
ILCR Indicates mcremental excess lifetime cancer risk 
HI Indicates hazard mdex 
1- Chemical is a COC by virtue of proJected child residence non-carcinogemc hazard 
2- Chemical IS a CDC by virtue of projected future resident hfetlme ILCR 
3- Chemical IS a CDC by virtue of proJected site worker non-carcmogemc hazard 
4- Chemica! is a CDC by virtue of pro Jeered site worker ILCR 

I 6[;,05 

36 NO 
14 NO 
J7 NO 

045 NO 

015 97E-06 
9 IE-OS 

10 ""7C ne: , .... -u..>] 

007 

055 
02] 
056 

0068 

0023 
I 
1 

IE-OS 

NO 
NO 
NO 
NO 

23E-06 
2E-06 
1[-05! 

3 
3 

124 
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therefore was not identified as a COC on Table 10.6.27. However, ILCR projections for 

hydrazine in all three exposure pathways yielded a cumulative ILCR exceeding 1 E-06 , identifying 2 

hydrazine as a COC. 3 

Antimony, arsenic, chromium, and thallium were identified as soil pathways COCs based on their 

contribution to cumulative residential HI projections. 

Future Site Workers 

4 

6 

7 

Arsenic and benzo(a)pyrene equivalents were identified as soil pathway COCs based on their 9 

contribution to cumulative industrial ILCR projections. 10 

II 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 12 

discussion, residential soil RBCs and background concentrations were compared to each reported 13 

COC concentration. Arsenic was detected in 47 of 48 surface soH sampies at a concentration 14 

above its residential RBC (0.43 mg/kg). Arsenic exceeded its background concentration 15 

(17.2 mg/kg) in 4 surface soil samples (SOSB02, SOSB24, 636SBOO5, and 636SBOlO) and equalled 16 

its background concentration in one surface soil sample (636SB013). Antimony was detected in 17 

5 of 4S surface soil samples, exceeding its residential RBC (3.1 mg/kg) in 3 surface soil samples 18 

(SOSBll, SOSB14, and 636SBOO9), and its background value (2.S9 mg/kg) in the same 3 surface 19 

soil samples. Chromium was detected in 47 of 4S surface soil samples, exceeding its residential 20 

RBC (39 mg/kg) in five surface soil samples (636SBOO9, SOSBll, SOSB17, SOSBlS, and SOSB31), 21 

and its background value (42.S mg/kg) in the four of those five surface soil samples (except for 22 

SOSB 11). Thallium was detected in 6 of 4S surface soil samples. Thallium exceeded its 23 

residential RBC (0.63 mg/kg) in 4 surface soil samples, yet only exceeded its background value 24 

(0.S5 mg/kg) in 1 surface soil sample (636SBOO3). Hydrazine was detected in 7 of 12 surface soil 25 

samples, yet only exceeded its residential RBC (210 ,ug/kg) at one sample location (OOSSBOOl). 26 

Benzo(a)pyrene equivalents were detected in 30 of 4S surface soil samples, and exceeded their 27 
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residential RBC (88 ,ug/kg) at 17 surface soil sample locations. Aroc1or-1260 was detected in nine 

of 48 surface soil samples, and exceeded its residential RBC (320 ,ug/kg) at two surface soil 2 

sample locations and equaled the RBC in one surface soil sample. 3 

4 

First-quarter Groundwater 5 

Future Site Residents 6 

The only groundwater pathway COC identified, based on its contribution to cumulative residential 7 

ILCR projections, was bis(2-ethylhexyl)phthalate. 8 

9 

Antimony, barium, thallium, vanadium, and bis(2-ethylhexyl)phthalate were identified as 10 

groundwater pathway COCs based on their contribution to cumulative residential HI projections. 11 

12 

Future Site Workers 13 

The only groundwater pathway COC identified, based on its contribution to cumulative industrial 14 

ILCR projections, was bis(2-ethylhexyl)phthalate. 15 

16 

Antimony, barium, and thallium were identified as groundwater pathway COCs based on their 17 

contribution to cumulative industrial HI projections. 18 

19 

During the RFI, bis(2-ethylhexyl)phthalate was detected at a concentration exceeding its tap water 20 

RBC (4.8 ,ug/L) in 1 of 7 first-quarter groundwater samples (008004). Antimony was detected 21 

at a concentration exceeding its tap water RBC (1.5 ,ug/L) and its background value (4.85 ,ug/L) 22 

in 1 of 7 first-quarter groundwater samples (008003). Barium was detected at a concentration 23 

exceeding its tap water RBC (260 ,ug/L) in 1 of 7 first-quarter groundwater samples (008002), and 24 

its background value (31 ,ug/L) in 5 of 7 first-quarter groundwater samples. Barium was not. 25 

however, detected at a concentration exceeding its corresponding MCL of 2,000 ,ug/L during the 26 

first -quarter RFI sampling. Thallium was detected at a concentration exceeding its tap water RBC 27 
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(0.29 .ug/L) in 2 of 7 first-quarter groundwater samples. A background value has not been 

determined for thallium in groundwater at Zone G, but thallium did exceed its MCL of 2 .ug/L in 2 

both samples in which it was detected. Vanadium was detected at a concentration exceeding its 3 

tap water RBC (26 .ug/L) and its background value (15.4 .ug/L) in I of 7 first-quarter groundwater 4 

samples (008003). 5 

6 

10.6.6.6 Risk Uncertainty 7 

Characterization of Exposure Setting and Identification of Exposure Pathways 8 

The potential for rJ.gh bias is introduced through u1.C exposure setti..lg and pat. ... way selection due 9 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 10 

Region IV when assessing potential future and current exposure. The exposure assumptions made II 

in the site worker scenario are highly protective and would tend to overestimate exposure. 12 

13 

Residential use of the site would not be expected, based on current site uses and the nature of 14 

surrounding buildings. If this area were to be used as a residential site, the surface soil conditions 15 

would likely change - the soils could be covered with landscaping soil and/or a house. 16 

Consequently, exposure to surface soil conditions as represented by samples collected during the 17 

RFI would not be likely under a true future residential scenario. These factors indicate that 18 

exposure pathways assessed in this HHRA would generally overestimate the risk and hazard posed 19 

to current site workers and future site residents. 20 

21 

Groundwater is not currently used at combined SWMU 8 for potable or industrial purposes. A 22 

base-wide system provides drinking and process water to buildings throughout Zone G. This 23 

system is slated to remain in operation under the current base reuse plan. As a result, shallow 24 

groundwater would not be expected to be used under future site use scenarios, and associated 25 

pathways are not expected to be completed in the future. 26 

27 
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An interim action has occurred at this site which resulted in a partial excavation of the disposal 

pits. The excavated pit was constantly flooded which may have redistributed sludge components 2 

throughout the area. Additionally, the disturbance of the subsurface soil may have mobilized 3 

contaminants in groundwater. During the interim action, the site consisted of open pits with 4 

variable floating oil and sheen layers. The excavations have since been backfilled and the area is 5 

used for parking. The conclusions of this risk assessment are based on soil and groundwater data 6 

collected prior to the interim action activity. Any CMS considerations based on this risk 7 

assessment should also include an evaluation of the interim action activities. 8 

9 

Determination of Exposure Point Concentrations 10 

Exposure point concentrations for soil were set equal to the 95 % UCL calculated on the combined II 

dataset assembled from both the 1993 and RFI sampling events. Use of 95% UCLs represent 12 

conservative assumptions when applied as EPCs, such that it is unlikely that the 95 % UCLs 13 

underestimate the true mean site concentrations. Although combined SWMU 8 comprises greater 14 

than 10 acres, and with the exception of Aroclor-1260 and chromium, EPCs were considered to 15 

be adequately representative of any potential exposure unit areas within combined SWMU 8. 16 

Alternative EPCs were calculated for Aroclor-1260 and chromium based on their respective 17 

worst-case one-half acre exposure unit areas. Groundwater risk/hazard was calculated using the 18 

maximum detected concentration of each COPC as an EPC. It is unlikely that the maximum 19 

concentration detected in first-quarter groundwater samples underestimates the true mean 20 

concentration, and would generally overestimate risk and/or hazard. 

Frequency of Detection and Spatial Distribution 

Surface Soil 

21 

22 

23 

24 

Benzo(a)pyrene equivalents were detected in most of the surface soil samples collected for 25 

combined SWMU 8, and were well characterized within the sampling grid. Antimony, arsenic, 26 

chromium, lead, and thallium each exceeded their background concentrations in only a few 27 
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samples which suggests a relation to ambient soil conditions. Hydrazine was detected in 7 of 

12 surface soil samples, but only marginally exceeded its RBC in one surface soil sample. 2 

3 

Quantification of Risk/Hazard 4 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 5 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 6 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 7 

uncertainty are discussed below. 8 

9 

Soil 10 

A conservative screening process was used to identify COPCs for combined SWMU 8. The 11 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 12 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 13 

For carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 14 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood IS 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 16 

and eliminated from formal assessment (except for aluminum, beryllium, and manganese), none 17 

was reported at a concentration near its RBC (e.g. within 10% of its RBC). Aluminum, beryllium, 18 

and manganese were detected at concentrations exceeding their RBCs, however, their maximum 19 

concentrations did not exceed their corresponding background concentrations. As a result, each 20 

chemical was eliminated from consideration in the risk assessment. 21 

22 

Groundwater 23 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 24 

screened and eliminated from formal assessment (except for arsenic and manganese) none was 25 

reported at a concentration close to its corresponding RBC (e.g. within 10% of its RBC). Arsenic 26 

and manganese were detected at concentrations exceeding their tap water RBCs, however, their 27 
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maximum concentrations did not exceed their corresponding background concentrations. As a 

result, each chemical was eliminated from consideration in the risk assessment. 2 

3 

Groundwater is not currently used as a potable water source at combined SWMU 8, nor is it used 4 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 5 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 6 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 7 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 8 

preclude this aquifer from being an acceptable potable water source. 9 

10 

Background-related Risk 11 

Soil 12 

Aluminum, beryllium, and manganese were detected in combined SWMU 8 surface soil at 13 

concentrations above their respective RBCs. These elements were eliminated from consideration 14 

in the risk assessment based on comparison to corresponding background values. It is not unusual 15 

for naturally occurring or background concentrations of some elements to exceed risk-based 16 

concentrations. It is the risk assessment's function to identify excess risk and/or hazard, or that 17 

which is above background levels. The following is a discussion of the residential scenario 18 

risk/hazard associated \vith background concentrations of aluminum, arsep.lc, and beryllium. 19 

20 

The maximum surface soil concentration of aluminum (12,100 mg/kg) for combined SWMU 8 21 

equates with hazard quotients of 0.2 and 0.008 for the residential child and site worker, 22 

respectively. The background value for aluminum (18,700 mg/kg) results in hazard quotients of 23 

0.3 and 0.01 for the residential child and site worker, respectively. The maximum reported 24 

concentration of beryllium (I mg/kg) yielded ILCRs of 7E-06 and 1E-06 for the residential and 25 

site worker scenarios, respectively. Hazard quotients resulting from the maximum reported 26 

concentration of beryllium were 0.003 and 0.0001 for the residential child and the site worker, 27 
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respectively. The background value for beryllium (1.2 mg/kg) yielded ILCRs of 9E-06 and 

lE-06, and hazard quotients of 0.0003 and 0.0002 for the residential and site worker scenarios, 2 

respectively. The maximum surface soil concentration of manganese (282 mg/kg) for combined J 

SWMU 8 equates with hazard quotients of 0.08 and 0.004 for the residential child and site 4 

worker, respectively. The background value for manganese (325 mg/kg) results in hazard 5 

quotients of 0.09 and 0.005 for the residential child and site worker, respectively. 6 

7 

First-quarter Groundwater 8 

Arsenic and manganese were detected in first -quarter groundwater samples at concentrations 9 

exceeding their respective RBCs. These inorganics were eliminated from consideration in the risk 10 

assessment based on comparison to corresponding background values. The following is a 11 

discussion of the residential scenario risk/hazard associated with background concentrations of 12 

arsenic and manganese. 13 

14 

The maximum groundwater concentration of arsenic (17.7 iJ,g/L) for combined SWMU 8 equates 15 

with ILCRs of 4E-04 and lE-04 for the residential child and site worker, respectively. The 16 

maximum reported concentration of arsenic also equates with hazard quotients of 4 and 0.6 for the 17 

residential child and site worker, respectively. The background value for arsenic (17.8 iJ,g/L) 18 

equates with ILCRs of 4E-04 and lE-04, respectively, for the residential child and site worker; 19 

it also equates with hazard quotients of 4 and 0.6 for the residential child and site worker, 20 

respectively. The maximum reported concentration of manganese (1,620 iJ,g/L) yielded hazard 21 

quotients of 5 and 0.7 for the residential and site worker scenarios, respectively. Hazard quotients 22 

resulting from the background value for manganese (2,906 iJ,g/L) were 8 and 1 for the residential 23 

child and the site worker, respectively. 24 

25 

26 

27 
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The risk and hazard posed by contaminants at combined SWMU 8 were assessed for future site 2 

workers and future site residents under reasonable maximum exposure assumptions. For surface ] 

soils, the incidental ingestion, dermal contact, and inhalation pathways were assessed in this 4 

HHRA. For groundwater the ingestion pathway was assessed. Table 10.6.28 presents the risk 5 

summary for each pathway/receptor group evaluated for combined SWMU 8. 6 

7 

Soil - Residential Scenario 8 

Residential soil pathway COCs identified for combined S'.l!rv!U 8 are antimony, l\roclor~1260, 9 

arsenic, benzo(a)pyrene equivalents, chromium, hydrazine, and thallium. Figures 10.6-31 and 10 

10.6-32 illustrates point risk and hazard estimates respectively for combined SWMU 8 based on II 

soil exposure pathways under a future residential scenario. Table 10.6.29 summarizes the risk and 12 

hazard contribution of each COPC at each sample location. This point risk map is based on the \J 

unlikely assumption that a potential future site resident will be chronically exposed to specific 14 

points. Exposure to surface soil conditions is more likely the result of uniform exposure to the 15 

soil conditions of the entire site (or exposure unit area) rather than specific points. Risk maps 16 

supplemented by the tables are useful because they allow the reader to visualize how chemicals 17 

driving risk estimates are spatially distributed across the site. 18 

19 

With the exception of S08B23, all sample locations yielded ILCRs that were greater than IE-06. 20 

Arsenic was the primary contributor to risk at most sample locations, while benzo(a)pyrene 21 

equivalents, Aroclor-1260, aldrin, dieldrin, and hydrazine were secondary contributors. 22 

Benzo(a)pyrene equivalents were the primary contributors to risk at S sample locations (S08Bll, 23 

S08B12, S08B17, S08B18, and S08B31) and arsenic was a secondary contributor at these 24 

locations. Risk estimates at combined SWMU 8 ranged from 3E-06 (636SBOI4) to IE-03 25 

(S08Bll), with a mean risk estimate of 7E-OS. Neither of these COCs were detected in S08B23. 26 
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Table 10628 
Summary of Risk and Hazard 
SWMU 8 and AOC 636 
NA VBASE . Charleston, Zone G 
Charleston, South Carolina 

Exposure 
Medium Pathway 
Surface SOl' InCidental 

Ingestion 

Dennal Contact 

Inhalation 

Groundwater Ingestion 

Sum of All Pathways 

Notes 

III HI 
(Adult) (Child) 

01 I 

002 008 

002 007 

4 9 

4 10 

ND Indicates not detennmed due to the lack of available risk mfonnation 
ILeR Indicates incremental lIfetime cancer risk 
HI Indicates hazard index 

ILCR HI ILCR 
(LWA) (Worker) (Worker) 

SE-OS 004 SE-06 

IE-OS 002 6E-06 

4E-07 002 2E-07 

IE-OS I 2E-06 

7E-OS I IE-OS 
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Table 10.6.29 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 8 and AOC 636 
NAV8ASE - Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

008 001 Aldrin ND UG/KG NA NA 
008 001 Antimony (Sb) ND MG/KG NA NA 
008 001 Aroclor-1260 ND UG/KG NA NA 
008 001 Arsenic (As) 12.7 MG/KG 0.5805 97.74 33.1724 94.68 
008 001 8(a)p Equiv. ND UG/KG NA NA 
008 001 Chromium (Cr) 4.9 MG/KG 0.0134 2.26 NA 
008 001 Dieldrin ND UG/KG NA NA 
008 001 Hydrazine 274 UG/KG NA 1.8647 5.32 
008 001 Lead (Pb) 10.6 MG/KG NA NA 
008 001 Thallium (TI) ND MG/KG NA NA 

Total 0.5939 35.0371 

008 002 Aldrin ND UG/KG NA NA 
008 002 Antimony (Sb) ND MG/KG NA NA 
008 002 Aroclor-1260 ND UG/KG NA NA 
008 002 Arsenic (As) 1.5 MG/KG 0.0686 79.55 3.9180 83.21 
008 002 8(a)P Equiv. ND UG/KG NA NA 
008 002 Chromium (Cr) 5.8 MG/KG 0.0159 18.46 NA 
008 002 Dieldrin 5.2 UG/KG 0.0017 1.99 0.1887 4.01 
008 002 Hydrazine 88.4 UG/KG NA 0.6016 12.78 
008 002 Lead (Pb) 6.6 MG/KG NA NA 
008 002 Thallium (TI) ND MG/KG NA NA 

Total 0.0862 4.7084 

008 003 Aldrin ND UG/KG NA NA 
008 003 Antimony (Sb) ND MG/KG NA NA 
008 003 Aroclor-1260 ND UG/KG NA NA 
008 003 Arsenic (As) 6.7 MG/KG 0.3062 67.84 17.5004 52.04 
008 003 8(a)P Equiv. 942.4 UG/KG NA 15.6064 46.41 
008 003 Chromium (Cr) 12.3 MG/KG 0.0337 7.47 NA 
008 003 Dieldrin ND UG/KG NA NA 
008 003 Hydrazine 76.4 UG/KG NA 0.5199 1.55 
008 003 Lead (Pb) 48.3 MG/KG NA NA 
008 003 Thallium (TI) 0.65 MG/KG 0.1114 24.68 NA 

Total 0.4514 33.6268 

636 001 Aldrin ND UG/KG NA NA 
636 001 Antimony (Sb) ND MG/KG NA NA 
636 001 Aroclor-1260 ND UG/KG NA NA 
636 001 Arsenic (As) 7.1 MG/KG 0.3245 62.68 18.5452 79.05 
636 001 8(a)p Equiv. 296.78 UG/KG NA 4.9148 20.95 
636 001 Chromium (Cr) 19.2 MG/KG 0.0527 10.17 NA 
636 001 Dieldrin ND UG/KG NA NA 
636 001 Hydrazine ND UG/KG NA NA 
636 001 Lead (Pb) 102 MG/KG NA NA 
636 001 Thallium (TI) 0.82 MG/KG 0.1406 27.15 NA 

Total 0.5177 23.4600 

636 002 Aldrin ND UG/KG NA NA 
636 002 Antimony (Sb) ND MG/KG NA NA 
636 002 Aroclor-1260 ND UG/KG NA NA 
636 002 Arsenic (As) 7.05 MG/KG 0.3222 74.84 18.4146 76.82 
636 002 8(a)P Equiv. 327.76 UG/KG NA 5.4278 22.64 
636 002 Chromium (Cr) 13.25 MG/KG 0.0363 8.44 NA 



636 002 Dieldrin NO UG/KG NA NA 
636 002 Hydrazine 19.1 UG/KG NA 0.1300 0.54 
636 002 Lead (Pb) 453.5 MG/KG NA NA 
636 002 Thallium (TI) 0.42 MG/KG 0.0720 16.72 NA 

Total 0.4306 23.9724 

636 003 Aldrin NO UG/KG NA NA 
636 003 Antimony (Sb) NO MG/KG NA NA 
636 003 Aroclor-1260 NO UG/KG NA NA 
636 003 Arsenic (As) 11.4 MG/KG 0.5211 69.93 29.7768 77.67 
636 003 B(a)P Equiv. 509.06 UG/KG NA 8.4302 21.99 
636 003 Chromium (Cr) 24.2 MG/KG 0.0664 8.91 NA 
636 003 Dieldrin NO UG/KG NA NA 
636 003 Hydrazine 19.3 UG/KG NA 0.1313 0.34 
636 003 Lead (Pb) 42.2 MG/KG NA NA 
636 003 Thallium (TI) 0.92 MG/KG 0.1577 21.16 NA 

Total 0.7451 383384 

636 004 Aldrin NO UG/KG NA NA 
636 004 Antimony (Sb) NO MG/KG NA NA 
636 004 Aroclor-1260 NO UG/KG NA NA 
636 004 Arsenic (As) 2.7 MG/KG 0.1234 88.58 7.0524 100.00 
636 004 B(a)P Equiv. NO UG/KG NA NA 
636 004 Chromium (Cr) 5.8 MG/KG 0.0159 11.42 NA 
636 004 Dieldrin NO UG/KG NA NA 
636 004 Hydrazlne NO UG/KG NA NA 
636 004 Lead (Pb) 14.1 MG/KG NA NA 
636 004 Thallium (TI) NO MG/KG NA NA 

Total 0.1393 7.0524 

636 005 Aldrin NO UG/KG NA NA 
636 005 Antimony (Sb) NO MG/KG NA NA 
636 005 Aroclor-1260 320 UG/KG NA 1.4519 2.37 
636 005 Arsenic (As) 22.8 MG/KG 1.0421 98.80 59.5536 97.40 
636 005 B(a)P Equiv. 8.152 UG/KG NA 0.1350 0.22 
636 005 Dieldrin NO UG/KG NA NA 
636 005 Chromium (Cr) 4.6 MG/KG 0.0126 1.20 NA 
636 005 Hydrazine NO UG/KG NA NA 
636 005 Lead (Pb) 6.9 MG/KG NA NA 
636 005 Thallium (TI) NO MG/KG NA NA 

Total 1.0548 61.1405 

636 006 Aldrin NO UG/KG NA NA 
636 006 Antimony (Sb) NO MG/KG NA NA 
636 006 Aroclor-1260 NO UG/KG NA NA 
636 006 Arsenic (As) 2.3 MG/KG 0.1051 85.50 60076 82.47 
636 006 B(a)P Equiv. 71.842 UG/KG NA 1.1897 16.33 
636 006 Chromium (Cr) 6.5 MG/KG 0.0178 1450 NA 
636 006 Dieldrin NO UG/KG NA NA 
636 006 Hydrazine 12.8 UG/KG NA 0.0871 1.20 
636 006 Lead (Pb) 16.3 MG/KG NA NA 
636 006 Thallium (TI) NO MG/KG NA NA 

Total 0.1230 7.2844 

636 007 Aldrin NO UG/KG NA NA 
636 007 Antimony (Sb) NO MG/KG NA NA 
636 007 Aroclor-1260 350 UG/KG NA 1.5880 9.33 
636 007 Arsenic (As) 5.1 MG/KG 0.2331 86.03 13.3212 78.26 
636 007 B(a)P Equiv. 127.62 UG/KG NA 2.1134 12.42 
636 007 Chromium (Cr) 138 MG/KG 0.0378 13.97 NA 
636 007 Dieldrin NO UG/KG NA NA 
636 007 Hydrazine NO UG/KG NA NA 
636 007 Lead (Pb) 97 1 MG/KG NA NA 



636 007 Th<::llili. un 'Tn ND I\."'~/L("::! NA ... 
• , ' .... ,,' ... ," \. 'I '"'''-''' '''-' .. ~ 

Total 0.2710 17.0226 

636 008 Aldrin NO UG/KG NA NA 
636 008 Antimony (Sb) NO MG/KG NA NA 
636 008 Aroclor-1260 920 UG/KG NA 4.1741 15.87 
636 008 Arsenic (As) 6.7 MG/KG 0.3062 81.11 17.5004 66.52 
636 008 B(a)P Equiv. 273.79 UG/KG NA 4.5340 17.24 
636 008 Chromium (Cr) 26 MG/KG 0.0713 18.89 NA 
636 008 Dieldrin NO UG/KG NA NA 
636 008 Hydrazine 14.4 UG/KG NA 0.0980 0.37 
636 008 Lead (Pb) 87.5 MG/KG NA NA 
636 008 Thallium (TI) NO MG/KG NA NA 

Total 0.3775 26.3066 

636 009 Aldrin NO UG/KG NA NA 
636 009 Antimony (Sb) 6.4 MG/KG 0.2194 28.42 NA 
636 009 Aroclor-1260 69 UG/KG NA 03131 2.03 
636 009 Arsenic (As) 5.5 MG/KG 0.2514 32.56 14.3660 92.96 
636 009 8(a)P Equiv. 46.838 UG/KG NA 0.7757 5.02 
636 009 Chromium (Cr) 64.2 MG/KG 0.1761 22.81 NA 
636 009 Dieldrin NO UG/KG NA NA 
636 009 Hydrazine NO UG/KG NA NA 
636 009 Lead (Pb) 394 MG/KG NA NA 
636 009 Thallium (TI) 0.73 MG/KG 0.1251 16.21 NA 

Total 0.7720 15.4547 

636 010 Aldrin NO UG/KG NA NA 
636 010 Antimony (Sb) 0.66 MG/KG 0.0226 1.90 NA 
636 010 Aroclor-1260 12 UG/KG NA 0.0544 0.09 
636 010 Arsenic (As) 22.4 MG/KG 1.0239 85.95 58.5088 99.91 
636 010 B(a)p Equiv. 0.045 UG/KG NA 0.0007 0.00 
636 010 Chromium (Cr) 15.9 MG/KG 0.0436 3.66 NA 
636 010 Dieldrin NO UG/KG NA NA 
636 010 Lead (Pb) 51.8 MG/KG NA NA 
636 010 Thallium (TI) 0.59 MG/KG 0.1011 8.49 NA 

Total 1.1912 58.5640 

636 011 Aldrin NO UG/KG NA NA 
636 011 Antimony (Sb) 1.5 MG/KG 0.0514 17.74 NA 
636 011 Arocior-1260 36 UG/KG NA 0.1633 1.06 
636 011 Arsenic (As) 4.7 MG/KG 0.2148 74.12 12.2764 79.55 
636 011 n/_\n r_ .. : .. .. on "7 ..,.../v .... ". 2,9924 19,39 O\CI}r 1::4U1V, IOU,f U\;;Jfl'.\;;J '''' 
636 011 Chromium (Cr) 8.6 MG/KG 0.0236 8.14 NA 
636 011 Dieldrin NO UG/KG NA NA 
636 011 Lead (Pb) 43.9 MG/KG NA NA 
636 011 Thallium (TI) NO MG/KG NA NA 

Total 02898 15.4322 

636 012 Aldrin NO UG/KG NA NA 
636 012 Antimony (Sb) NO MG/KG NA NA 
636 012 Aroclor-1260 8.5 UG/KG NA 0.0386 070 
636 012 Arsenic (As) 2.1 MG/KG 0.0960 87.50 5.4852 99.30 
636 012 8(a)P Equiv. NO UG/KG NA NA 
636 012 Chromium (Cr) 5 MG/KG 0.0137 12.50 NA 
636 012 Dieldrin NO UG/KG NA NA 
636 012 Lead (Pb) 5.9 MG/KG NA NA 
636 012 Thallium (TI) NO MG/KG NA NA 

Total 0.1097 5.5238 

636 013 Aldrin NO UG/KG NA NA 
636 013 Antimony (Sb) NO MG/KG NA NA 
636 013 Arocior-1260 28 UG/KG NA 01270 0.28 



636 013 Arsenic (As) 17.2 MG/KG 0.7862 93.72 44.9264 99.72 
636 013 8(a)P Equiv. ND UG/KG NA NA 
636 013 Chromium (Cr) 19.2 MG/KG 0.0527 6.28 NA 
636 013 Dieldrin ND UG/KG NA NA 
636 013 Lead (Pb) 66.2 MG/KG NA NA 
636 013 Thallium (TI) ND MG/KG NA NA 

Total 0.8388 45.0535 

636 014 Aldrin ND UG/KG NA NA 
636 014 Antimony (Sb) ND MG/KG NA NA 
636 014 Aroclor-1260 ND UG/KG NA NA 
636 014 Arsenic (As) 1.2 MG/KG 0.0548 73.26 3.1344 100.00 
636 014 8(a)P Equiv. ND UG/KG NA NA 
636 014 Chromium (Cr) 7.3 MG/KG 0.0200 26.74 NA 
636 014 Dieldrin ND UG/KG NA NA 
636 014 Lead (Pb) 4.9 MG/KG NA NA 
636 014 Thallium (TI) ND MG/KG NA NA 

Total 0.0749 3.1344 

008 011 Aldrin ND UG/KG NA NA 
008 011 Antimony (Sb) ND MG/KG NA NA 
008 011 Aroclor-1260 ND UG/KG NA NA 
008 011 Arsenic (As) 10 MG/KG 0.4571 88.33 26.1200 77.09 
008 011 8(a)P Equiv. 450 UG/KG NA 7.4521 22.00 
008 011 Chromium (Cr) 21 MG/KG 0.0576 11.13 NA 
008 011 Dieldrin 8.5 UG/KG 0.0028 0.54 0.3085 0.91 
008 011 Lead (Pb) 310 MG/KG NA NA 
008 011 Thallium (TI) ND MG/KG NA NA 

Total 0.5175 33.8807 

008 021 Aldrin ND UG/KG NA NA 
008 021 Antimony (Sb) ND MG/KG NA NA 
008 021 Aroclor-1260 ND UG/KG NA NA 
008 021 Arsenic (As) 20 MG/KG 0.9142 98.09 52.2400 99.91 
008 021 8(a)p Equiv. 2.7 UG/KG NA 0.0447 0.09 
008 021 Chromium (Cr) 6.5 MG/KG 0.0178 1.91 NA 
008 021 Dieldrin ND UG/KG NA NA 
008 021 Lead (Pb) 11 MG/KG NA NA 
008 021 Thallium (TI) ND MG/KG NA NA 

Total 0.9320 52.2847 

008 031 Aldrin ND UG/KG NA NA 
008 031 Antimony (Sb) ND MG/KG NA NA 
008 031 Aroclor-1260 ND UG/KG NA NA 
008 031 Arsenic (As) 2.95 MG/KG 0.1348 88.96 7.7054 98.83 
008 031 8(a)P Equiv. 5.5055 UG/KG NA 0.0912 1 17 
008 031 Chromium (Cr) 6.1 MG/KG 0.0167 11.04 NA 
008 031 Dieldrin ND UG/KG NA NA 
008 031 Lead (Pb) 8.15 MG/KG NA NA 
008 031 Thallium (TI) ND MG/KG NA NA 

Total 01516 7.7966 

008 041 Aldrin ND UG/KG NA NA 
008 041 Antimony (Sb) ND MG/KG NA NA 
008 041 Aroclor-1260 ND UG/KG NA NA 
008 041 Arsenic (As) 5.6 MG/KG 0.2560 93.40 14.6272 94.60 
008 041 8(a)P Equiv. 50.4 UG/KG NA 0.8346 540 
008 041 Chromium (Cr) 6.6 MG/KG 0.0181 6.60 NA 
008 041 Dieldrin ND UG/KG NA NA 
008 041 Lead (Pb) 19 MG/KG NA NA 
008 041 Thallium (TI) ND MG/KG NA NA 

Total 0.2741 15.4618 



008 051 Aldrin ND UG/KG NA NA 
008 051 Antimony (Sb) ND MG/KG NA NA 
008 051 Aroclor-1260 ND UG/KG NA NA 
008 051 Arsenic (As) 1.6 MG/KG 0.0731 76.92 4.1792 84.95 
008 051 8(a)P Equiv. 44.7 UG/KG NA 0.7402 15.05 
008 051 Chromium (Cr) 8 MG/KG 0.0219 23.08 NA 
008 051 Dieldrin ND UG/KG NA NA 
008 051 Lead (Pb) 19 MG/KG NA NA 
008 051 Thallium (TI) ND MG/KG NA NA 

Total 0.0951 4.9194 

008 061 Aldrin ND UG/KG NA NA 
008 061 Antimony (Sb) ND MG/KG NA NA 
008 061 Aroclor-1260 ND UG/KG NA NA 
008 061 Arsenic (As) 5 MG/KG 0.2285 91.44 13.0600 100.00 
008 061 8(a)P Equiv. ND UG/KG NA NA 
008 061 Chromium (Cr) 7.8 MG/KG 0.0214 8.56 NA 
008 061 Dieldrin ND UG/KG NA NA 
008 061 Lead (Pb) 41 MG/KG NA NA 
008 061 Thallium (TI) ND MG/KG NA NA 

Total 0.2499 13.0600 

008 071 Aldrin ND UG/KG NA NA 
008 071 Antimony (Sb) ND MG/KG NA NA 
008 071 Aroclor-1260 ND UG/KG NA NA 
008 071 Arsenic (As) 1.9 MG/KG 0.0868 82.97 4.9628 100.00 
008 071 8(a)P Equiv. ND UG/KG NA NA 
008 071 Chromium (Cr) 6.5 MG/KG 0.0178 17.03 NA 
008 071 Dieldrin ND UG/KG NA NA 
008 071 Lead (Pb) 6.8 MG/KG NA NA 
008 071 Thallium (TI) ND MG/KG NA NA 

Total 0.1047 4.9628 

008 081 Aldrin ND UG/KG NA NA 
008 081 Antimony (Sb) ND MG/KG NA NA 
008 081 Aroclor-1260 77 UG/KG NA 0.3494 1.90 
008 081 Arsenic (As) 6.9 MG/KG 0.3154 85.19 18.0228 98.10 
008 081 8(a)P Equiv. ND UG/KG NA NA 
008 081 Chromium (Cr) 20 MG/KG 0.0548 14.81 NA 
008 081 Dieldrin ND UG/KG NA NA 
008 081 Lead (Pb) 76 MG/KG NA NA 
008 081 Thallium (TI) ND MG/KG NA NA 

Total 0.3702 18.3722 

008 091 Aldrin ND UG/KG NA NA 
008 091 Antimony (Sb) ND MG/KG NA NA 
008 091 Aroclor-1260 ND UG/KG NA NA 
008 091 Arsenic (As) 5.9 MG/KG 0.2697 85.26 15.4108 87.48 
008 091 8(a)p Equiv. 133.2 UG/KG NA 22058 12.52 
008 091 Chromium (Cr) 17 MG/KG 0.0466 14.74 NA 
008 091 Dieldrin ND UG/KG NA NA 
008 091 Lead (Pb) 53 MG/KG NA NA 
008 091 Thallium (TI) ND MG/KG NA NA 

Total 0.3163 176166 

008 101 Aldrin ND UG/KG NA NA 
008 101 Antimony (Sb) ND MG/KG NA NA 
008 101 Aroclor-1260 ND UG/KG NA NA 
008 101 Arsenic (As) 3.1 MG/KG 0.1417 8630 8.0972 100.00 
008 101 8(a)P Equiv. ND UG/KG NA NA 
008 101 Chromium (Cr) 8.2 MG/KG 0.0225 13.70 NA 
008 101 Dieldrin ND UG/KG NA NA 
008 101 Lead (Pb) 21 MG/KG NA NA 



008 101 Thallium (TI) ND MG/KG NA NA 
Total 0.1642 8.0972 

008 111 Aldrin 41 UG/KG 0.0225 2.72 1.5812 0.11 
008 111 Antimony (Sb) 7.4 MG/KG 0.2537 30.61 NA 
008 111 Aroclor-1260 ND UG/KG NA NA 
008 111 Arsenic (As) 9.3 MG/KG 0.4251 51.30 24.2916 1.68 
008 111 B(a)P Equiv. 854425 UG/KG NA 1414.9545 98.09 
008 111 Chromium (Cr) 40.9 MG/KG 0.1122 13.54 NA 
008 111 Dieldrin 46 UG/KG 0.01~2 1.83 1.6696 0.12 
008 111 Lead (Pb) 187 MG/KG NA NA 
008 111 Thallium (TI) ND MG/KG NA NA 

Total 0.8286 1442.4969 

008 121 Aldrin ND UG/KG NA NA 
008 121 Antimony (Sb) ND MG/KG NA NA 
008 121 Aroclor-1260 ND UG/KG NA NA 
008 121 Arsenic (As) 2.2 MG/KG 0.1006 67.07 5.7464 29.58 
008 121 B(a)p Equiv. 826.2 UG/KG NA 13.6821 70.42 
008 121 Chromium (Cr) 18 MG/KG 0.0494 32.93 NA 
008 121 Dieldrin ND UG/KG NA NA 
008 121 Lead (Pb) 29 MG/KG NA NA 
008 121 Thallium (TI) ND MG/KG NA NA 

Total 0.1499 19.4285 

008 131 Aldrin ND UG/KG NA NA 
008 131 Antimony (Sb) ND MG/KG NA NA 
008 131 Aroclor-1260 ND UG/KG NA NA 
008 131 Arsenic (As) 8.6 MG/KG 0.3931 84.15 22.4632 100.00 
008 131 B(a)P Equiv. ND UG/KG NA NA 
008 131 Chromium (Cr) 27 MG/KG 0.0740 15.85 NA 
008 131 Dieldrin ND UG/KG NA NA 
008 131 Lead (Pb) 34 MG/KG NA NA 
008 131 Thallium (TI) ND MG/KG NA NA 

Total 0.4671 22.4632 

008 141 Aldrin ND UG/KG NA NA 
008 141 Antimony (Sb) 7.6 MG/KG 0.2605 40.37 NA 
008 141 Aroclor-1260 ND UG/KG NA NA 
008 141 Arsenic (As) 6.2 MG/KG 0.2834 43.91 16.1944 89.00 
008 141 B(a)P Equiv. 120.86 UG/KG NA 2.0015 11.00 
008 141 Chromium (Cr) 37 MG/KG 0.1015 15.72 NA 
008 141 Dieldrin ND UG/KG NA NA 
008 141 Lead (Pb) 230 MG/KG NA NA 
008 141 Thallium (TI) ND MG/KG NA NA 

Total 0.6454 18.1959 

008 151 Aldrin ND UG/KG NA NA 
008 151 Antimony (Sb) ND MG/KG NA NA 
008 151 Aroclor-1260 ND UG/KG NA NA 
008 151 Arsenic (As) 2.2 MG/KG 0.1006 76.92 57464 65.54 
008 151 B(a)P Equiv. 182.42 UG/KG NA 3.0209 34.46 
008 151 Chromium (Cr) 11 MG/KG 0.0302 23.08 NA 
008 151 Dieldrin ND UG/KG NA NA 
008 151 Lead (Pb) 41 MG/KG NA NA 
008 151 Thallium (TI) ND MG/KG NA NA 

Total 01307 8.7673 

008 161 Aldrin ND UG/KG NA NA 
008 161 Antimony (Sb) ND MG/KG NA NA 
008 161 Aroclor-1260 ND UG/KG NA NA 
008 161 Arsenic (As) 3.5 MG/KG 0.1600 100.00 9.1420 8757 
008 161 B(a)P Equiv. 78.38 UG/KG NA 12980 1243 



008 161 Chromium (Cr) NO MG/KG NA NA 
008 161 Dieldrin NO UG/KG NA NA 
008 161 Lead (Pb) 340 MG/KG NA NA 
008 161 Thalli um (TI) NO MG/KG NA NA 

Total 0.1600 10.4400 

008 171 Aldrin NO UG/KG NA NA 
008 171 Antimony (Sb) NO MG/KG NA NA 
008 171 Aroclor-1260 NO UG/KG NA NA 
008 171 Arsenic (As) 7.05 MG!KG 0.3222 69.32 18.4146 32.50 
008 171 8(a)P Equiv. 2309.9 UG/KG NA 38.2527 67.50 
008 171 Chromium (Cr) 52 MG/KG 0.1426 30.68 NA 
008 171 Dieldrin NO UG/KG NA NA 
008 171 Lead (Pb) 160 MG/KG NA NA 
008 171 Thallium (TI) NO MG/KG NA NA 

Total 0.4648 56.6673 

008 181 Aldrin NO UG/KG NA NA 
008 181 Antimony (Sb) NO MGIKG NA NA 
008 181 Aroclor-1260 NO UG/KG NA NA 
008 181 Arsenic (As) 3.8 MG/KG 0.1737 56.89 9.9256 5.93 
008 181 8(a)P Equiv. 9515.6 UGIKG NA 157.5813 94.07 
008 181 Chromium (Cr) 48 MGIKG 0.1316 43.11 NA 
008 181 Dieldrin NO UGIKG NA NA 
008 181 Lead (Pb) 23 MGIKG NA NA 
008 181 Thallium (TI) NO MGIKG NA NA 

Total 0.3053 167.5069 

008 191 Aldrin NO UG/KG NA NA 
008 191 Antimony (Sb) NO MG/KG NA NA 
008 191 Aroclor-1260 NO UGIKG NA NA 
008 191 Arsenic (As) 5.9 MGIKG 0.2697 79.73 15.4108 93.11 
008 191 8(a)P Equiv. 68.864 UG/KG NA 1.1404 6.89 
008 191 Chromium (Cr) 25 MG/KG 0.0686 20.27 NA 
008 191 Dieldrin NO UG/KG NA NA 
008 191 Lead (Pb) 180 MG/KG NA NA 
008 191 Thallium (TI) NO MG/KG NA NA 

Total 0.3382 16.5512 

008 201 Aldrin NO UGIKG NA NA 
008 201 Antimony (Sb) NO MG/KG NA NA 
008 201 Aroclor-1260 NO UG/KG NA NA 
008 201 Arsenic (AS) 8.4 MG/KG 0.3839 97.09 219408 100.00 
008 201 8(a)P Equiv. NO UG/KG NA NA 
008 201 Chromium (Cr) 4.2 MG/KG 0.0115 2.91 NA 
008 201 Dieldrin NO UGIKG NA NA 
008 201 Lead (Pb) 6.3 MG/KG NA NA 
008 201 Thallium (TI) NO MG/KG NA NA 

Total 0.3955 21.9408 

008 211 Aldrin NO UGIKG NA NA 
008 211 Antimony (Sb) NO MGIKG NA NA 
008 211 Aroclor-1260 NO UG/KG NA NA 
008 211 Arsenic (As) 36 MG/KG 0.1645 93.02 94032 100.00 
008 211 8(a)P Equiv. NO UG/KG NA NA 
008 211 Chromium (Cr) 4.5 MG/KG 0.0123 6.98 NA 
008 211 Dieldrin NO UGIKG NA NA 
008 211 Lead (Pb) 6.1 MGIKG NA NA 
008 211 Thallium (TI) NO MGIKG NA NA 

Total 01769 9.4032 

008 221 Aldrin NO UGIKG NA NA 
008 221 Antimony (Sb) NO MG/KG NA NA 



008 221 Aroclor-1260 ND UG/KG NA NA 
008 221 Arsenic (As) 2.6 MG/KG 0.1188 92.13 6.7912 100.00 
008 221 8(a)p Equiv. ND UG/KG NA NA 
008 221 Chromium (Cr) 3.7 MG/KG 0.0101 7.87 NA 
008 221 Dieldrin ND UG/KG NA NA 
008 221 Lead (Pb) 2.3 MG/KG NA NA 
008 221 Thallium (TI) ND MG/KG NA NA 

Total 0.1290 6.7912 

008 231 Aldrin ND UG/KG NA NA 
008 231 Antimony (Sb) ND MG/KG NA NA 
008 231 Aroclor -1260 ND UG/KG NA NA 
008 231 Arsenic (As) ND MG/KG NA NA 
008 231 8(a)P Equiv. ND UG/KG NA NA 
008 231 Chromium (Cr) 4.5 MG/KG 0.0123 100.00 NA 
008 231 Dieldrin ND UG/KG NA NA 
008 231 Lead (Pb) 29 MG/KG NA NA 
008 231 Thallium (TI) ND MG/KG NA NA 

Total 0.0123 NA 

008 241 Aldrin ND UG/KG NA NA 
008 241 Antimony (Sb) ND MG/KG NA NA 
008 241 Aroclor-1260 ND UG/KG NA NA 
008 241 Arsenic (As) 150 MG/KG 6.8562 99.78 391.8002 100.00 
008 241 8(a)P Equiv. ND UG/KG NA NA 
008 241 Chromium (Cr) 5.4 MG/KG 0.0148 0.22 NA 
008 241 Dieldrin ND UG/KG NA NA 
008 241 Lead (Pb) 11 MG/KG NA NA 
008 241 Thallium (TIl ND MG/KG NA NA 

Total 6.8710 391.8002 

008 251 Aldrin ND UG/KG NA NA 
008 251 Antimony (Sb) ND MG/KG NA NA 
008 251 Aroclor-1260 ND UG/KG NA NA 
008 251 Arsenic (As) 7.9 MG/KG 0.3611 95.47 20.6348 99.99 
008 251 8(a)p Equiv. 0.068 UG/KG NA 0.0011 0.01 
008 251 Chromium (Cr) 6.25 MG/KG 0.0171 4.53 NA 
008 251 Dieldrin ND UG/KG NA NA 
008 251 Lead (Pb) 11.4 MG/KG NA NA 
008 251 Thallium (TIl ND MG/KG NA NA 

Total 0.3782 20.6359 

008 261 Aldrin ND UG/KG NA NA 
008 261 Antimony (Sb) ND MG/KG NA NA 
008 261 Aroclor-1260 ND UG/KG NA NA 
008 261 Arsenic (As) 7.6 MG/KG 03474 84.07 19 8512 100.00 
008 261 8(a)p Equiv. ND UG/KG NA NA 
008 261 Chromium (Cr) 24 MG/KG 0.0658 15.93 NA 
008 261 Dieldrin ND UG/KG NA NA 
008 261 Lead (Pb) 56 MG/KG NA NA 
008 261 Thallium (Til ND MG/KG NA NA 

Total 0.4132 19.8512 

008 271 Aldrin ND UG/KG NA NA 
008 271 Antimony (Sb) ND MG/KG NA NA 
008 271 Aroclor-1260 ND UG/KG NA NA 
008 271 Arsenic (As) 4 MG/KG 01828 85.84 10.4480 99.79 
008 271 8(a)P Equiv 1.33 UG/KG NA 0.0220 0.21 
008 271 Chromium (Cr) 11 MG/KG 0.0302 14.16 NA 
008 271 Dieldrin ND UG/KG NA NA 
008 271 Lead (Pb) 15 MG/KG NA NA 
008 271 Thallium (TI) ND MG/KG NA NA 

Total 0.2130 10.4700 



008 281 Aldrin ND UG/KG NA NA 
008 281 Antimony (Sb) ND MG/KG NA NA 
008 281 Aroclor-1260 ND UG/KG NA NA 
008 281 Arsenic (As) 3.8 MG/KG 0.1737 91.88 9.9256 100.00 
008 281 8(a)P Equiv. ND UG/KG NA NA 
008 281 Chromium (Cr) 5.6 MG/KG 0.0154 8.12 NA 
008 281 Dieldrin ND UG/KG NA NA 
008 281 Lead (Pb) 9.4 MG/KG NA NA 
008 281 Thallium (TI) ND MG/KG NA NA 

Total 0.1890 9.9256 

008 291 Aldrin ND UG/KG NA NA 
008 291 Antimony (Sb) ND MG/KG NA NA 
008 291 Aroclor-1260 ND UG/KG NA NA 
008 291 Arsenic (As) 2.1 MG/KG 0.0960 89.51 5.4852 100.00 
008 291 8(a)P Equiv. ND UG/KG NA NA 
008 291 Chromium (Cr) 4.1 MG/KG 0.0112 10.49 NA 
008 291 Dieldrin ND UG/KG NA NA 
008 291 Lead (Pb) 4.4 MG/KG NA NA 
008 291 Thallium (TI) ND MG/KG NA NA 

Total 0.1072 5.4852 

008 301 Aldrin ND UG/KG NA NA 
008 301 Antimony (Sb) ND MG/KG NA NA 
008 301 Aroclor-1260 ND UG/KG NA NA 
008 301 Arsenic (As) 3 MG/KG 0.1371 90.91 7.8360 100.00 
008 301 8(a)P Equiv. ND UG/KG NA NA 
008 301 Chromium (Cr) 5 MG/KG 0.0137 9.09 NA 
008 301 Dieldrin ND UG/KG NA NA 
008 301 Lead (Pb) 8.5 MG/KG NA NA 
008 301 Thallium (TI) ND MG/KG NA NA 

Total 0.1508 7.8360 

008 311 Aldrin ND UG/KG NA NA 
008 311 Antimony (Sb) ND MG/KG NA NA 
008 311 Aroclor-1260 ND UG/KG NA NA 
008 311 Arsenic (As) 8.85 MG/KG 0.4045 58.88 23.1162 6.35 
008 311 8(a)P Equiv. 20588 UG/KG NA 340.9437 93.65 
008 311 Chromium (Cr) 103 MG/KG 0.2825 41.12 NA 
008 311 Dieldrin ND UG/KG NA NA 
008 311 Lead (Pb) 95.1 MG/KG NA NA 
008 311 Thallium (TI) ND MG/KG NA NA 

Total 0.6870 364.0599 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section IO - Site-Specific Evaluations 
Revision: 0 

Arsenic was the primary contributor to hazard estimates at the three sample locations at combined 

SWMU 8 that yielded a hazard index above unity (636SB005, 636SBOlO, and S08B24). 2 

Antimony, chromium, and thallium were secondary contributors. Hazard index estimates ranged 3 

from 0.01 (S08B23) to 7 (S08B24), with a mean hazard estimate of 0.5. 4 

5 

Soil - Site Worker Scenario 6 

Industrial soil pathway COCs identified for combined SWMU 8 are arsenic and benzo(a)pyrene 7 

equivalents. Figure 10.6-33 illustrates point risk estimates for combined SWMU 8 based on soil 8 

exposure pathways under a future worker/industrial scenario. Table 10.6.30 summarizes the risk 9 

and hazard contribution of each COPC at each sample location. 10 

11 

Thirty-nine of forty-eight sample locations yielded an ILCR greater than lE-06. Arsenic was the 12 

primary contributor to ILCR projections at most surface soil sample locations and benzo(a)pyrene 13 

equivalents were secondary contributors. However, benzo(a)pyrene equivalents were the primary 14 

contributors to risk at 5 sample locations (S08Bll, S08B12, S08B17, S08B18, and S08B31), 15 

where arsenic was a secondary contributor. Risk estimates ranged from 4E-07 (636SBOI4) to 16 

3E-04 (S08Bll), with a mean risk estimate of IE-OS. Neither of these COCs were detected in 17 

S08B23. 18 

19 

Arsenic was the sole contributor to hazard estimates for the industrial pathway at combined 20 

SWMU 8; however, hazard indices did not exceed unity at any location for the industrial scenario. 21 

Hazard index estimates ranged from 0.003 (636SBOI4) to 0.3 (S08B24), with a mean hazard 22 

estimate of 0.02. Arsenic was not detected in S08B23. 23 

24 

25 

10.6.189 
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Tabie -10.6.30 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU 8 and AOC 636 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

008 001 Arsenic (As) 12.7 MG/KG 0.0292 100.00 4.6927 100.00 
008 001 B(a)P Equiv. NO UG/KG NA NA 

Total 0.0292 4.6927 

008 002 Arsenic (As) 1.5 MG/KG 0.0034 100.00 0.5543 100.00 
008 002 B(a)P Equiv. NO UG/KG NA NA 

Total 0.0034 0.5543 

008 003 Arsenic (As) 6.7 MG/KG 0.0154 100.00 2.4757 43.83 
008 003 B(a)P Equiv. 942.4 UG/KG NA 3.1732 56.17 

Total 0.0154 5.6489 

636 001 Arsenic (As) 7.1 MG/KG 0.0163 100.00 2.6235 72.42 
636 001 B(a)P Equiv. 296.78 UG/KG NA 0.9993 27.58 

Total 0.0163 36228 

636 002 Arsenic (As) 7.05 MG/KG 0.0162 100.00 2.6050 70.24 
636 002 B(a)P Equiv. 327.76 UG/KG NA 1.1036 29.76 

Total 0.0162 3.7086 

636 003 Arsenic (As) 11.4 MG/KG 0.0262 100.00 4.2124 71.08 
636 003 B(a)P Equiv. 509.06 UG/KG NA 1.7141 28.92 

Total 0.0262 5.9265 

636 004 Arsenic (As) 2.7 MG/KG 0.0062 100.00 0.9977 100.00 
636 004 B(a)P Equiv. NO UG/KG NA NA 

Total 0.0062 0.9977 

636 005 Arsenic (As) 22.8 MG/KG 0.0524 100.00 84248 99.68 
636 005 B(a)P Equiv. 8.152 UG/KG NA 0.0274 0.32 

Total 00524 8.4522 

636 006 Arsenic (As) 2.3 MG/KG 0.0053 100.00 0.8499 77.84 
636 006 B(a)P Equiv. 7i .842 UGiKG NA O.24-i9 22:i6 

Total 0.0053 1 0918 

636 007 Arsenic (As) 5.1 MG/KG 0.0117 100.00 1.8845 81.43 
636 007 B(a)P Equiv. 127.62 UG/KG NA 04297 18.57 

Total 0.0117 2.3142 

636 008 Arsenic (As) 6.7 MG/KG 00154 100.00 2.4757 72.87 
636 008 B(a)P Equiv. 273.79 UG/KG NA 0.9219 27.13 

Total 0.0154 3.3976 

636 009 Arsenic (As) 5.5 MG/KG 0.0126 100.00 2.0323 92.80 
636 009 B(a)P Equiv. 46.838 UG/KG NA 0.1577 7.20 

Total 0.0126 2.1900 

636 010 Arsenic (As) 22.4 MG/KG 00515 100.00 8.2770 100.00 
636 010 B(a)P Equiv. 0045 UG/KG NA 0.0002 

Total 0.0515 8.2771 

636 011 Arsenic (As) 47 MG/KG 0.0108 100.00 1.7367 74.06 
636 011 B(a)P Equlv. 180.7 UG/KG NA 0.6084 25.94 



Total 0.0108 2.3451 

636 012 Arsenic (As) 2.1 MG/KG 0.0048 100.00 0.7760 100.00 
636 012 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0048 0.7760 

636 013 Arsenic (As) 17.2 MG/KG 0.0395 100.00 6.3555 100.00 
636 013 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0395 6.3555 

636 014 Arsenic (As) 1.2 MG/KG 00028 100.00 0.4434 10000 
636 014 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0028 0.4434 

008 on Arsenic (As) 10 MGiKG 0.0230 100.00 3.6951 70.92 
008 011 8(a)P Equiv. 450 UG/KG NA 1.5152 29.08 

Total 00230 5.2103 

008 021 Arsenic (As) 20 MG/KG 0.0460 100.00 7.3901 99.88 
008 021 8(a)P Equiv. 2.7 UG/KG NA 0.0091 0.12 

Total 0.0460 7.3992 

008 031 Arsenic (As) 2.95 MG/KG 0.0068 100.00 1.0900 9833 
008 031 8(a)P Equiv. 5.5055 UG/KG NA 0.0185 1.67 

Total 0.0068 1.1086 

008 041 Arsenic (As) 5.6 MG/KG 0.0129 100.00 2.0692 92.42 
008 041 8(a)P Equiv. 50.4 UG/KG NA 0.1697 7.58 

Total 0.0129 2.2389 

008 051 Arsenic (As) 1.6 MG/KG 0.0037 100.00 0.5912 79.71 
008 051 8(a)P Equiv. 44.7 UG/KG NA 0.1505 20.29 

Total 0.0037 0.7417 

008 061 Arsenic (AS) 5 MG/KG 0.0115 100.00 1.8475 100.00 
008 061 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0115 1.8475 

008 071 Arsenic (As) 1.9 MG/KG 0.0044 100.00 0.7021 100.00 
008 071 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0044 0.7021 

008 081 Arsenic (As) 6.9 MGiKG 0.Oi59 iOO 00 2.5496 iOO.OO 
008 081 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0159 2.5496 

008 091 Arsenic (As) 5.9 MG/KG 0.0136 100.00 2.1801 82.94 
008 091 8(a)p Equiv. 133.2 UG/KG NA 0.4485 17.06 

Total 0.0136 2.6286 

008 101 Arsenic (As) 3.1 MG/KG 0.0071 100.00 1.1455 100.00 
008 101 8(a)P Equiv. NO UG/KG NA NA 

Total 0.0071 1.1455 

008 111 Arsenic (As) 9.3 MG/KG 00214 100.00 3.4364 1.18 
008 111 8(a)P Equiv. 85442.5 UG/KG NA 2876968 9882 

Total 0.0214 291.1332 

008 121 ArseniC (As) 2.2 MG/KG 0.0051 10000 0.8129 22.61 
008 121 8(a)P Equiv. 826.2 UG/KG NA 2.7819 77.39 

Total 00051 3.5948 

008 131 Arsenic (As) 8.6 MG/KG 0.0198 100.00 31778 10000 



008 131 B(a)P Equiv. NO UGIKG NA NA 
Total 0.0198 3.1778 

008 141 Arsenic (As) 6.2 MGIKG 0.0143 100.00 2.2909 84.92 
008 141 B(a)P Equiv. 120.86 UGIKG NA 0.4070 15.08 

Total 0.0143 2.6979 

008 151 Arsenic (As) 2.2 MGIKG 0.0051 100.00 0.8129 56.96 
008 151 B(a)P Equiv. 182.42 UGIKG NA 0.6142 43.04 

Total 0.0051 1.4271 

008 161 Arsenic (As) 3.5 MGIKG 0.0080 100.00 1.2933 83.05 
008 161 B(a)P Equiv. 78.38 UGIKG NA 0.2639 16.95 

Total 0.0080 1.5572 

008 171 Arsenic (As) 7.05 MGIKG 0.0162 100.00 2.6050 25.09 
008 171 B(a)P Equiv. 2309.9 UGIKG NA 7.7778 74.91 

Total 0.0162 10.3828 

008 181 Arsenic (As) 3.8 MGIKG 0.0087 100.00 1.4041 4.20 
008 181 B(a)P Equiv. 9515.6 UGIKG NA 32.0404 95.80 

Total 0.0087 33.4445 

008 191 Arsenic (As) 5.9 MGIKG 0.0136 100.00 2.1801 90.39 
008 191 B(a)P Equiv. 68.864 UGIKG NA 0.2319 9.61 

Total 0.0136 2.4120 

008 201 Arsenic (As) 8.4 MGIKG 0.0193 100.00 3.1039 100.00 
008 201 B(a)P Equiv. NO UGIKG NA NA 

Total 0.0193 3.1039 

008 211 Arsenic (As) 3.6 MGIKG 0.0083 100.00 1.3302 100.00 
008 211 B(a)P Equiv. NO UGIKG NA NA 

Total 0.0083 1.3302 

008 221 Arsenic (As) 2.6 MGIKG 0.0060 100.00 0.9607 100.00 
008 221 B(a)P Equiv. NO UGIKG NA NA 
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008 231 Arsenic (As) NO MGIKG NA NA 
008 231 B(a)P Equiv. NO UG/KG NA NA 

Total NA NA 

008 241 Arsenic (As) 150 MGIKG 0.3449 100.00 55.4261 100.00 
008 241 B(a)P Equiv. NO UG/KG NA NA 

Total 0.3449 55.4261 

008 251 Arsenic (As) 7.9 MGIKG 0.0182 100.00 2.9191 9999 
008 251 B(a)P Equiv. 0.068 UGIKG NA 0.0002 0.01 

Total 0.0182 2.9193 

008 261 Arsenic (As) 7.6 MG/KG 0.0175 100.00 2.8083 10000 
008 261 B(a)P EqUIV. NO UGIKG NA NA 

Total 0.0175 2.8083 

008 271 Arsenic (As) 4 MGIKG 0.0092 100.00 1.4780 99.70 
008 271 B(a)P Equiv. 1.33 UGIKG NA 0.0045 0.30 

Total 0.0092 1.4825 

008 281 Arsenic (As) 3.8 MGIKG 0.0087 100.00 1.4041 10000 
008 281 B(a)P Equiv. NO UGIKG NA NA 

Total 00087 1.4041 



008 291 Arsenic (As) 2.1 MG/KG 0.0048 100.00 0.7760 100.00 
008 291 B(a)P Equiv. ND UG/KG NA NA 

Total 0.0048 07760 

008 301 Arsenic (As) 3 MG/KG 0.0069 100.00 1.1085 100.00 
008 301 B(a)P Equiv. ND UG/KG NA NA 

Total 0.0069 1.1085 

008 311 Arsenic (As) 8.85 MG/KG 0.0203 100.00 3.2701 4.50 
008 311 B(a)P Equiv. 20588 UG/KG NA 69.3227 95.50 

Total 0.0203 72.5928 



Groundwater - Residential Scenario 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Antimony, barium, bis(2-ethylhexyl)phthalate, thallium, and vanadium were identified as 2 

groundwater pathway COCs. As shown in Table 10.6.31 and Figure 10.6-34, bis(2- 3 

ethylhexyl)phthalate was the sole contributor to risk projections for the groundwater pathway at 4 

combined SWMU 8 groundwater. Bis(2-Ethylhexyl)phthalate was only detected at one location 

(008004) at a concentration of 46 {lg/L, producing a risk estimate of IE-05. 6 

7 

Three monitoring well locations yielded hazard indices greater than unity (008002, 008003, and 

008004). Thallium was the primary contributor to hazard estimates at 008002 and 008004, and 9 

antimony was the primary contributor at 008003. Point hazard estimates for groundwater 10 

residential pathway are presented on Figure 10.6-35. II 

12 

Secondary contributors consisted of barium and vanadium. Hazard estimates ranged from 0.4 13 

(008006) to 5 (008002), with a mean hazard index of 2. 14 

10.6.6.8 Remedial Goal Options 

Soil 

IS 

16 

17 

RGOs for carcinogens were based on the site resident lifetime weighted average as presented in 18 

Table 10.6.32 for surface soils. Hazard-based RGOs were calculated based on the hypothetical 19 

child resident, as noted in the table. 20 

21 

Groundwater 22 

Groundwater RGOs based on the site resident scenario are shown in Table 10.6.33. 23 

24 

25 

10.6.195 



Table 10.6.31 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
SWMU 8 and AOC 636 
NAV8ASE - Charleston, Zone G 
Charleston, South Carolina 

Site LocatIon Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

OOB 001 Antimony (Sb) ND UG/L NA NA 
008 001 8arium (8a) 40.6 UG/L 00371 37.38 NA 
008 001 Thallium (TI) NO UG/L NA NA 
008 001 Vanadium (V) 6.8 UG/L 0.0621 62.62 NA 
008 001 bis(2-Ethylhexyl)phthalate NO UG/L NA NA 

Tuti:li 0.0992 NA 

008 002 Antimony (Sb) NO UG/L NA NA 
008 002 8arium (8a) 1520 UG/L 1.3881 30.74 NA 
008 002 Thallium (TI) 3.9 UG/L 3.1164 6900 NA 
008 002 Vanadium (V) 1.3 UG/L 0.0119 0.26 NA 
008 002 bis(2-Eth~lhexyl)phthalate NO UG/L NA NA 

Total 4.5164 NA 

008 003 Antimony (Sb) 22.6 UG/L 3.6119 87.65 NA 
008 003 8arium (8a) 67.5 UG/L 0.0616 1.50 NA 
008 003 Thallium (TI) NO UG/L NA NA 
008 003 Vanadium M 49 UG/L 0.4475 10.86 NA 
008 003 bis(2-Ethylhexyl)phthalate NO UG/L NA NA 

Total 4.1210 NA 

008 004 AntImony (Sb) NO UG/L NA NA 
008 004 8arium (8a) 74.5 UG/L 0.0680 1.75 NA 
008 004 Thallium (TI) 4.6 UG/L 3.6758 94.47 NA 
008 004 Vanadium (V) NO UG/L NA NA 
008 004 bis(2-Ethylhexyl)phthalate 46 UG/L 0.1470 3.78 9.5781 100.00 

Total 3.8909 9.5781 

008 005 .6.ntirY'lnn\l (~h\ NO UG!L NA Nl~, , ".~ .. , ,'-", '7 \ ..... "'" 

008 005 8arium (8a) 23.5 UG/L 0.0215 48.45 NA 
008 005 Thallium (TI) NO UG/L NA NA 
008 005 Vanadium M 2.5 UG/L 0.0228 51.55 NA 
008 005 bis(2-Eth:tlhexyl)phthalate NO UG/L NA NA 

Total 0.0443 NA 

008 006 Antimony (Sb) NO UG/L NA NA 
008 006 8arium (8a) 11.9 UG/L 0.0109 29.10 NA 
008 006 ThallIum (TI) NO UG/L NA NA 
008 006 Vanadium M 2.9 UG/L 0.0265 7090 NA 
008 006 bis(2-Ethylhexyl)phthalate NO UG/L NA NA 

Total 0.0374 NA 

636 001 Antimony (Sb) NO UG/L NA NA 
636 001 8arium (8a) 56.7 UG/L 0.0518 66.16 NA 
636 001 Thallium (TI) NO UG/L NA NA 
636 001 Vanadium (V) 2.9 UG/L 0.0265 33.84 NA 
636 001 bis(2-Ethylhexyl)phthalate NO UG/L NA NA 

loiai 0.0/83 NA 
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rabie IU {I 32 

RemedIal Goal OPllons Surface SOIl 
SWMU 8 and AO(' 6;:\6 

NA VBASE ~ Charleston, Zone G 

Charleston, South Carolina 

Chemical 

lnarganics 

Anbmony (Sb) 

Arsenic (As) 

Chromium (Cr) 

Lead (Pb) 

Thallium (TI) 

Carcinogenic PARs 

Benzo(a)pyrene equivalents 

PCB, 

Aroclor 1260 

Miscellaneous 
Hydr~7;'!e 

Chemu; .. d 

Inorganics 

Antimony (Sb) 

ArseniC (As) 

Chromium (Cr) 

Lead (Pb) 

Thallium(Ti) 

Carcinogenic PAHs 

Benzo(a)pyrene equivalents 

PCB, 

Aroclor 1260 

Mi~c";hlnn>us 

Hydrazine 

NOTES 

EPC 

NA 
ND 

Residential~Based Remedial Goal Options 

Hazard-Based Risk-Based 

Slope Reference Remedial Goal Options Remedial Goal Options Background 

Factor Dose EPC J 0.1 IE-06 IE-O' IE-04 Concentration 

(mglkg-day)-l (mglkg-day) mgikg mgikg mgikg mgikg mgikg m""g mgikg m"", 

NA 00004 49 " 29 29 NO NO NO 298 

" 00003 108 " 22 22 038 J8 38 172 

NA 0005 677 798 266 27 NO NO NO 325 

NA NA 129 NO NO No NO NO NO ISI 

NA BE-OS 167 IS 58 058 NO NO NO 085 

73 NA 186 NO NO No 0060 060 60 NA 

NA 053 NO NO NO 022 22 22 NA 

NA o IS , NO NO NO 015 15 15 NA , , 

Worker-Based Remedial Goal Options 

Hazard-Based Rtsk~Based 

Slope Reference Remedial Goal Options Remedial Goal Options Background 

Factor Dose EPC , I 0.1 IE-06 IE-O' IE-04 Concentrabon 

(mglkg-day}-I (mglkg-day) mglkg mg!kg mgikg mg/1:g mgik, mgikg mgik, mgJkg 

NA 00004 49 1740 580 58 NO NO NO 289 

" 00003 108 1305 435 43 27 27 270 172 

NA 0005 677 7545 2515 252 NO NO NO 325 

NA NA 129 NO NO NO NO NO NO ISI 

NA BE-OS 167 348 116 12 NO NO NO 085 

73 NA 186 NO NO NO 0.3 30 NA 

NA 053 NO NO NO \I II 108 NA 

NA (]lsi NO ND Nol 07 721 NA 

Exposure point concentration 

Not apphcable 

Not determined 
Remedial goal QPCons were based on the residential lifetime weighted avera~e for carcinogens 

and the child resident or sIte worker for noncarcinogens 



Tabie iO 6 33 
Remedial Goal OptiOns Groundwater 
SWMU 8 and AOC 636 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Residential-Based Remedial Goal Options 

Hazard-Based 
Oral Oral Remedial Goal Options 
SF RID EPe 0.1 1.0 3 

Chemical (mglkg·day)·1 (mglkg-day) mg/! mg/! mg/! mg/! 

Inorganics 
Antimony (Sb) NA 00004 00226 000063 00063 0019 
Banum (Ba) NA 007 152 011 II 3.3 
Thallium (TI) NA 8E-05 00046 000013 00013 00038 
Vanadium (V) NA 0007 0049 0011 011 033 

Semivolatile Organics 
bls(2-Ethylhexyl)phthalate 0014 002 0046 0031 031 094 

Worker-Based Remedial Goal Options 

Oral Oral 
SF RID 

Chemical (mglkg-day)·1 (mglkg-day) 

Inorganics 
Antimony (Sb) NA 00004 
Barium (Ba) NA 007 
Thallium (Tl) NA 8E-05 
Vanadium (V) NA 0007 

Semivolatile Organics 
bis(2-Ethylhexyl)phthalate 0014 002 

NOTES 
EPC Exposure pomt concentration 
NA Not applicable 
ND Not determined 

Hazard-Based 
Remed13l Goal OptJOns 

EPe 0.1 1.0 3 
mg/! mg/! mg/! mg/! 

00226 00041 0041 012 
152 072 72 21 

00046 000082 00082 0025 
0049 0072 072 21 

0046 020 20 6 I 

Risk-Based 
Remedial Goal Options 

IE-06 IE-OS lE-04 
mg/! mg/! mg/! 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

00047 0047 047 

Risk-Based 
RemedIal Goal Options 

IE"'6 IE-OS IE-04 
mg/! mg/l mg/! 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

0020 020 20 

Remedial goal options were based on the resldent13\ lifetime weighted average for carcmogens 
and the child resident or site worker for noncarclnogens 

Background 
Concentration MeL 

mg/! mg/! 

000485 0006 
0031 2 

NA 0002 
00154 NA 

NA 0006 

Background 
ConcentratIOn MeL 

mg/! mg/l 

000485 0006 
0.031 2 

NA 0002 
00154 NA 

NA 0006 



10.6.7 Corrective Measures Considerations 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Based on the analytical results and the human health risk assessment for SMWU 8 and AOC 636, 2 

COCs requiring further evaluation through the CMS process have been identified for surface soil 

and groundwater. The site is currently in an open area and risk to human health was evaluated 4 

under both the residential and industrial (site worker) scenarios for incidental ingestion, dermal 

contact, and inhalation exposure pathways. Hazard was evaluated for noncarcinogenic 6 

contaminants through incidental ingestion, dermal contact, and inhalation scenarios as well. 7 

8 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 9 

cumulative risk level of lE-06 or greater and/or a cumulative hazard index above 1.0, and whose 10 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. II 

12 

Antimony, Aroclor-1260, arsenic, BEQs, chromium, hydrazine, and thallium were identified as 13 

soil pathway COCs for the combined area of SMWU 8 and AOC 636. Antimony, barium, 14 

thallium, vanadium, and bis(2-ethylhexyl)phthalate were identified as groundwater pathway COCs 15 

for the combined area of SMWU 8 and AOC 636. Table 10.6.34 presents cumulative and 16 

COC-specific exposure risks and hazard quotients. 17 

Chemical 

Soil 

Antimony 

Aroclor-1260 

Arsenic 

BEQs 

Table 10.6.34 
Cumulative and Chemical-Specific Exposure Risks and Hazard 

Industrial 

NO 

4.9E-07 

4.0E-06 

6.3E-06 

Risk 

Residential 

NO 

2.5E-06 

2.8E-05 

3.1E-05 

10.6.201 

Hazard 

Industrial 

0.008 

NO 

0.025 

NO 

Residential 

0.17 

NO 

0.49 

NO 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



Table 10.6.34 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section /0 - Site-Specific Evaluations 
Revision: 0 

Cumulative and Chemical-Specific Exposure Risks and Hazard 

Risk Hazard 

Chemical Industrial Residential Industrial Residential 

Chromium ND ND 0.027 0.25 

Hydtazine 2,lE-07 1.0E-06 NO NO 

Thallium ND NO 0.014 0.29 

Cumulative l.lE-05 6,2E-05 0.075 1.21 

Groundwater 

Antimony NO NO 0.55 3.6 

Barium ND NO 0.21 1.4 

Thallium NO NO 0,56 3.7 

Vanadium ND ND 0.068 0.45 

bis(2-ethylhexyl)phthalate 2.3E-06 9.7E-06 0.023 0.15 

Cumulative 2.3E-06 9.7E-06 1.41 9.3 

Notes: 
NO = Not Determined 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 
!3 
14 

15 

16 

Risk-based remedial goals for the COCs at combined area SMWU 8 and AOC 636 for soil and 17 

groundwater are presented in Tables 10.6.32 and 10.6.33, respectively. Potential corrective 18 

measures are presented below. 

Medium 

Soil 

Table 10.6.35 
Potential Corrective Measures for SMWU 8 and AOC 636 

Compounds 

Antimony, Aroclor-1260, 
Arsenic, BEQs, Chromium, 
Hydrazine, and Thallium 

Potential Corrective Measures 

a) No Action 
b) Excavate, offsite disposal, and monitoring 
c) ContaimuentlCapping 
d} Ex-situ, chemical/physical treatment 

10.6.202 

19 

20 

21 

22 

23 

24 



Medium 

Groundwater 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Table 10.6.35 
Potential Corrective Measures for SMWU 8 and AOC 636 

Compounds 

Antimony, Barium, Thallium, 
Vanadium, and bis(2-
ethylhexyl)phthalate 

Potential Corrective Measures 

a) No Action 
b) Monitoring 
c) Ex-situ physical/chemical treatment and discharge 
to POTW 
d) Ex-situ physical/chemical treatment and discharge 
L'1IOUgh NPD ES permittltig 

10.6.203 

2 



10.7 AOe 637, Dump Area, Building 161 Area 

Zone G RCRA Facility Investigation Repon 
NA VBASE CluJrleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

A eSI site, Aoe 637 was grouped for investigation with SWMU 8 and AOe 636 in the approved 2 

final RFI work plan. However, because subsurface conditions are different at this site it was 3 

investigated separately. The site is a former burning dump located between Dyess Avenue and 4 

Bainbridge Avenue directly south of SWMU 8 and AOe 636. The area was used from the late 5 

1940s to the early 1950s. Although no spills or releases were documented at this site, the burning 6 

and burial of wastes supports the possibility that contamination exists at the site. No visible 7 

evidence of the past disposal remains, as the area has since been filled with dredged spoil, and now 8 

the area is a gravel covered parking area. 9 

10.7.1 Site Geology and Hydrogeology 10 

The soil boring and groundwater monitoring well locations associated with the AOe 637 eSI are II 

shown in Figure 10.7-1. Appendix A contains the boring logs and the monitoring well 12 

construction diagrams for the wells installed at AOe 637. 13 

Based on the three monitoring well borings advanced at AOe 637 the stratigraphy consists of fill 14 

material including gravel, sand, silt, wood, plastic, metal, and other debris overlying organic silty 15 

clay. The silty clay unit was encountered near total depth of the borings, and occurred below a 16 

depth of 10 ft bgs. A sample of the fill materials exhibited a grain size distribution of 76% sand, 17 

9% silt, and 15% clay. Site monitoring wells were completed to depths of approximately 12 to 18 

13 ft bgs. 19 

The groundwater elevation at AOe 637 is approximately 4.0 ft ms!. Figures 10.7-2 and 10.7-3 20 

depict the shallow groundwater potentiometric surface and inferred flow direction at low- and 21 

high-tide respectively. Subtle differences in the static water levels and the overall flow pattern at 22 

AOe 637 were observed between high and low-tide. The horizontal hydraulic conductivity of the 23 

fill materials, calculated from slug testing, was 0.37 ft/day, in well 637001. The approximate 24 

10.7.1 
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horizontal hydraulic gradient, based on Figure 10.7-2 is 2.6E-03 and slopes generally to the 

southeast. The horizontal flow velocity based on this gradient was 2.3E-03 ftlday. 2 

10.7.2 Field Investigation Approach 3 

The objective of the field investigation at AOC 637 was to: (1) confirm the presence or absence 4 

of contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 5 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 6 

the investigation area included soil, sediment, groundwater, and surface water. Section 3 of this 7 

report detaiis the methods used during the field investigation. Included in this section are 8 

descriptions of the hand-auger procedures used for soil sampling; sediment and surface water 9 

sampling procedures; groundwater sampling procedures; and miscellaneous procedures used 10 

during the field investigation. Also discussed are the analytical protocols for sample analyses. II 

Appendix D contains the analytical data report for samples collected in Zone G. 12 

10.7.3 Soil Sampling and Analysis 13 

The approved final RFI work plan proposed advancing five soil borings within the AOC 637 area 14 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 15 

samples were proposed from each boring. Seven soil borings were advanced during the field 16 

investigation, in two phases (Figure 10.7-1). Five borings were advanced during the first phase 17 

of the field investigation, as proposed in the approved final RFI work plan. One first-round boring 18 

included both upper and lower sampling intervals, while four borings included the upper interval 19 

only. First-round soil samples were analyzed for metals, cyanide, pesticides/PCBs, SVOCs, 20 

VOCs and explosiveslpropellants at DQO Level III. Later, two second-round borings were 21 

advanced at AOC 637 to delineate metals and SY~C contamination identified in the eastern part 12 

of the site during the first sampling round. One second-round boring included both upper and 23 

lower sampling intervals, while one boring included the upper interval only. Second-round 24 

samples were analyzed for metals, pesticideslPCBs, and SVOCs at DQO Level III. Additionally, 25 

1O.7.S 
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two upper interval duplicate soil samples were collected (one from each sampling round) at 

AOC 637 for Appendix IX analyses at DQO Level IV. Table 10.7.1 summarizes the AOC 637 2 

soil samples and analyses. 3 

Boring Sample 
Location Identifier 

637SBooi 637SBoolOi 

637SBOO2 637SB00201 

63788003 6378800301 
637SB00302 

637SBOO4 637SBOO401 

637SBOO5 637SB00501 
637CBOO50l* 

637SBOO6 637SB00601 
637SBOO602 

637S8OO7 637SB00701 
637CB00701* 

Table 10.7.1 
ZoneG 

AOC 637 
Soil Samples and Analyses 

Sample Date 
Interval Collected 

Upper 9113/96 

Upper 9/13/% 

Upper 9fl3;96 
L-()wer 

Upper 9/13/96 

Upper 9113196 

Upper 1/07197 
Lower 

Upper l11J7/97 

Analyses 

Note 1 

Note 1 

Note i 

Note I 

Note 1 
Note 3 and 
exploSives! 
hydrazine 

Note 2 

No", 2 
No",] 

Remarks 

Lower interval not sampled 
due to water table 

Lower interval not sampled 
due to water table 

Lower interval not sampled 
due to water table 

* Duplicate sample 

Second-round sample 

Second~r()und sample 
*Duplicate sample 

Notes: 
1 SW-846 (metals, pesticides/PCBs, SVOCs, VOCs), cyanide, explosives/propellants, hydrazine at DQO Level III 

SW-846 (metals, pesticides/PCBs. SVOCs) at DQO Level III 2 
3 

* 

Appendix IX suite: AppendiX rx (pesticides/PCBs, herbicides, SVOCs, VOCs); SW-846 (metals, dIOXins, OP-pestlcides); cyanide; 
hex-chrome at DQO Level IV 
Duplicate sample 

10.7.3.1 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.7.2. Inorganic analytical 2 

results for soil are summarized in Table 10.7.3. Table 10.7.4 summaries all analytes detected in 3 

soil at AOC 637. Appendix D contains a complete analytical data report for all Zone G samples. 4 

10.7.6 
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Volatile Organic Compounds in Soil 

Zone G RCRA Facility investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Two VOCs were detected in AOC 637 soil samples. Carbon disulfide was detected in both, 2 

surface and subsurface soils, while 2-butanone was only detected in subsurface soil. All surface 3 

and subsurface soil VOC detections at AOC 637 were far below their respective RBC and/or SSL. 4 

Semivolatile Organic Compounds in Soil 5 

Nineteen SVOCs were detected in surface soil samples at AOC 637. Benzo(a)anthracene, 6 

benzo(b)fluoranthene, benzo(a)pyrene, and dibenz(a,h)anthracene exceeded their respective RBC 7 

in surface soil samples at this AOC. Figure 10.7-4 presents total BEQ concentrations detected in 8 

surface soil at AOC 637. 9 

Twelve SVOCs were detected in subsurface soil samples at AOC 637. No SVOCs in subsurface 10 

soil exceeded their respective SSL. 11 

Pesticides and PCBs in Soil 12 

Eleven pesticides were detected in AOC 637 surface soil samples, while one pesticide was detected 13 

in subsurface soils. No surface or subsurface pesticide concentration exceeded a respective RBC 14 

or SSL at this AOC. ArocJor-1260 was detected in one surface soil sample at a concentration 15 

below the RBC. 16 

Other Organic Compounds in Soil 17 

Dioxin (2,3,7,8-TCDD TEQ) was detected in two surface soil duplicate samples below the RBC 18 

for this parameter. Hydrazine was detected in both surface and subsurface soils at concentrations 19 

above the RBC and SSL, respectively, for this parameter. Both surface and subsurface 20 

exceedances occurred at boring 637SB003. Figure 10.7-5 presents concentrations of hydrazine 21 

detected in surface soil at AOC 637, Figure 10.7-6 depicts the hydrazine distribution in subsurface 22 

soil. 23 

10.7.28 
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Inorganic Elements in Soil 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 ~ Site-Spec&1c Evaluatioru 
Revision: 0 

Twenty-three metals, plus cyanide, were detected in surface soil samples collected at AOC 637. 2 

Arsenic and thallium were detected at concentrations that exceeded their respective RBCs and 3 

Zone G surface soil background concentrations. Figure 10.7-7 shows arsenic detected in surface 4 

soil at AOC 637. Figure 10.7-8 shows thallium detected in surface soil at this AOe. Twenty-four 5 

metals were detected in AOC 637 subsurface soils. No subsurface metal concentrations exceeded 6 

their respective SSL. Iron was detected in all seven surface soil samples at concentrations which 7 

exceed its RBC. No background concentration was determined for iron because it is considered 8 

an essential nutrient 9 

10.7.4 Sediment Sampling and Analysis 10 

A sediment sample was collected at AOC 637 to determine the impact of contaminant transport II 

via the surface water drainage pathway from the site. This sample was not proposed in the 12 

approved final RFI work plan, and was proposed as a foHow-on sample for the site 13 

(Figure 10.7-1). The sediment sample was analyzed for metals, pesticides/PCBs, OP pesticides, 14 

SVOCs, and VOCs at DQO Level m. Table 10.7.5 summarizes the AOC 637 sediment sample 15 

and analyzes. 16 

Location 

637MOOOI 

Sample 
Identifier 

637MOOOlOl 

Table 10.7.5 
ZoneG 

AOC637 
Sediment Sample and Analyses 

Date 
Collected 

3/19197 

Analyses 

See nOte 

Note: SW-846 (metals. pesticides/PCBs, OP-Pesticides, SVOCs, VOCs) at DQO Level III 

10.7.32 

Remarks 
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10.7.4.1 Nature of Contamination in Sediment 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Spec~fjc Evaluatiop.s 
Revision: 0 

Organic compound analytical results for sediment are summarized in Table 10.7.6. Inorganic 2 

analytical results for sediment are summarized in Table 10.7.7. Table 10.7.8 summarizes all 

analytes detected in sediment at AOC 637. Appendix D contains a complete analytical data report 4 

for all Zone G samples. 5 

Volatile Organic Compounds in Sediment 6 

Three VOCs, 2-butanone, chlorobenzene, and trichloroethene, were detected in sediment at 7 

AOC 637. No SSVs are listed for these VOCs. 8 

Semi volatile Organic Compounds in Sediment 9 

Thirteen SVOCs were detected in sediment at AOC 637. Bis(2-ethylhexyl)phthalate exceeded its 10 

respective SSV in sediment at this AOC. Figure 10.7-9 presents bis(2-ethylhexyl)phthalate in 11 

sedhuent. i2 

Pesticides and PCBs in Sediment 13 

Three pesticides, gamma-chlordane, dieldrin, and endrin aldehyde were detected in AOC 637 14 

sediment. Gamma-chlordane and Dieldrin both exceeded their respective SSV. Figure 10.7-10 15 

presents the concentrations of gamrna-chlordane in sediment at AOC 637. Figure 10.7-11 presents 16 

the distribution of dieldrin in sediment. 17 

Two PCBs, Aroclor-1016 and Aroclor-1260 were detected at concentrations above their respective 18 

SSVs. Figure 10.7-12 shows Aroclor-1016 in sediment at AOC 637. Figure 10.7-13 shows 19 

Aroclor-1260 in sediment. 20 

10.7.35 



Zone G RCRA Facility Investigation Repon 
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Revision: 0 

Table 10.7.6 
ZQneG 

AOC 637 
Organic Analytical Results for Sediment 

Frequency Range of Mean of Number of 
of Detections Detections SSVs Samples 

Parameters Detection 0g1kg) 0g1kg) 0g1kg) Exceeding SSVs 

Volatile Organic Compounds (1 Sample) ~glkg) 

l-Bu .. n.ne (MEK) 111 1.00 7.00 NL NA 

Chlorobenzene 111 6.00 6.00 NL NA 

Trichloroethene III 4.00 4.00 NL NA 

Semivolatile Organic Compounds (1 Sample) ~glkg) 

BEQ.' 111 145 145 NL NA 

Benzo(a)anthracene 111 120 120 330 0 

Benzo(b )fluoranmene III 140 140 NL NA 

Benzo(k)fluoranthene 111 180 180 NL NA 

Benzo(a)pYrene III 110 110 330 0 

Chrysene III 200 200 330 0 

Illdeoo( 1 ,2,3<djpyrene 111 71.0 71.0 NL NA 

Benzo(g,h,i)perylene 111 62.0 62.0 NL NA 

1,4-Dicblorobenzeoe 1/1 210 210 NL NA 

bis(2-Ethylhexyl)phthalate III 190 190 182 

F1uoranthene 111 240 240 330 0 

N-Nitrosodiphenylamine 1/1 75.0 75.0 NL NA 

Phenanthrene 111 94.0 94.0 330 0 

Pyrene 111 270 270 330 0 

Pp .. ,,'iddpJ;l and PCB.co It Samnlel (ul!/kl!) - --- -- ,-!. W 

gamma-Chlordane 111 15.0 15.0 1.7 

Dieldrin 111 5.60 5.60 3.3 

Endrin aldehyde 111 9.40 9.40 NL NA 

Aroclor-1016 111 210 210 33 

Aroclor~ 1260 111 180 180 33 

10.7.36 



Notes: 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spec~'ic Evaluations 
Revision: 0 

I CalcuJated from methods described in USEPA Intenm Supplemental Guidance to RAGS: Human Health RISk Assessmenl. Bullenn 2 
(USEPA. i995b) 

J.lg/kg Micrograms per kilogram. 
NL Nat listed 
NA Not available 
SSV Sediment Screening Value 
SSVs from Supplemental Guidance to RAGs: RegIOn N Bulletins, Ecological Risk Assessment, Bulletin 2 (USEPA. 1995a) 
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Revision: 0 

Table 10.7.7 
ZoneG 

AOC 637 
Inorganics Analytical Results for Sediment 

Frequency Range of Mean of Number of 
of Detections Detections SSVs Samples 

Parameters Detection (mglkg) (mgikg) (mglkg) Exceeding SSVs 

Inorganics (1 Samples) 

Aluminum (AI) 1/1 3950 3950 NL NA 

Antlffiony (Sb) 1/1 3.60 3.60 12 0 

Arsenic (As) III 3.20 3.20 7.24 0 

BarIum (Ba) 111 172 172 NL NA 

Beryllium (Be) III 0.27 0.27 NL NA 

Cadmium (Cd) 111 0.66 0.66 1.0 0 

Calcium (Ca) 111 33600 33600 NL NA 

Chromium (Cr) 111 32.2 32.2 523 0 

Cobalt (Co) III 3.60 3.60 NL NA 

Copper (Cu) 111 221 221 18.7 

Imn (Fe) 111 7040 7040 NL NA 

Lead (Pb) 1/1 73.5 73.5 30.2 

Magnesium (Mg) 111 1270 1270 NL NA 

Manganese (Mo) 111 50.6 50.6 NL NA 

Mercury (Hg) III 0.17 0.17 0.13 

Nickel (Ni) 111 46.4 46.4 159 

Potassium (K) 111 443 443 NL NA 

Selenium (Sc) 111 0.55 0.55 NL NA 

Sodium (Na) 1/1 1110 1110 NL NA 

Thallium (T1) 111 0.69 0.69 NL NA 

Tin (Sn) 111 9.70 9.70 NL NA 

VanadIUm (V) 111 21.3 21.3 NL NA 

Zinc (Zo) 1/1 202 202 124 

10.7.38 



Notes: 
mg/kg Milligrams per kilogram 
NL Not listed 
NA Not available 
SSV Sediment Screening Value 

Zone G ReRA Facility Investigation Report 
NAVBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

SVs from Supplemental Guidance to RAGs: Region N Bulletins, Ecological Risk Assessment, Bulletin 2 (USEPA, 1995a) 

10.7.39 



Parameters 

Volatile Organic Compounds (J.lglkg) 

Chlorobenzene 

Trichloroethene 

Semivolatile Organic Compounds (uglkg) 

BEQs' 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Chrysene 

Jodeno(l.2.3-<d)pyrene 

Benzo(g,h,i)perylene 

lA-Dichlorobenzene 

bis(2-Ethylbexyl)phthalate 

Fluoranthene 

N -Nitrosodiphenylamine 

Phenanthrene 

PyreDe 

Pesticides and PCBs u.glkg) 

gamma-Chlordane 

Dieldrin 

Endnn aldehyde 

Aroclof-1016 

Aroclor-1260 

Inorganics (mg/kg) 

Aluminum (AI) 

Table 10.7.8 
Zane G 

AOC 637 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Location Concentration SSVs 

637MOOOI 7 NL 

637MOOOI 6 NL 

637MOOOI 4 NL 

637MOOOI 145-10 NL 

637MOOOI 120 330 

637MOOOI 140 NL 

637MOOOI 180 NL 

637MOOOI 110 330 

637MOOOI 200 330 

637MOOOI 71 NL 

637MOOOI 62 NL 

637MOOOI 210 NL 

637MOOOI 190 182 

637MOOOI 240 330 

637MOOOI 75 NL 

637MOOOI 94 330 

637MOOOI 270 330 

637MOOOI 15 17 

637MOOOI 5.6 3.3 

637MOOOI 9.4 NL 

637MOOOI 210 33 

637MOOOI 180 33 

637MOOOI 3950 NL 

10.7.40 



Parameters 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Beryllium (Be) 

Cadmiunl (Cd) 

Calcium (Ca) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Iron (Fe) 

Lead (Ph) 

Magnesium (Mg) 

Mllllganese (Mn) 

Mercury (fig) 

Nickel (Ni) 

Potassium (K) 

Selenium (Se) 

Sodium (Na) 

Thallium (Til 

Tin (So) 

Vanadium (V) 

Zinc (Zn) 

Table 10.7.S 
Zune G 

AOC 637 

Zone G RCRA Facility investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Analytes Detected in Sediment Samples 

Location Concentration SSVs 

637MOOOI 3.6 12 

637MOOOI 3.2 7.24 

637MOOOI 172 NL 

637MOOOI 0.27 NL 

637MOOOI 0.66 l.Q 

637MOOOI 33600 NL 

637MOOOI 32.2 52.3 

637MOOOI 3.6 NL 

637MOOOI 221 IS.7 

637MOOOI 7040 NL 

637MOOOI 73.S 30.2 

637MOOOI 1270 NL 

637MOOOI 50.6 NL 

637MOOOI 0.17 0.13 

637MOOOI 46.4 15.9 

637MOOOI 443 NL 

637MOOOI 055 NL 

637MOOOI 1110 NL 

6J7MOOOI 0.69 NL 

637MOOD} ,., NL 

6J7MOOOI 21.3 NL 

637MOOOI 202 124 

10.7.41 



Notes: 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

1 Calculated from methods described in USEPA Interim Supplemental Guidana to RAGS: Human Health Risk Assessment, Bulletin 2 
(USEPA. 1995b) 

,ug/kg Micrograms per kilogram 
mg/kg Milligrams per kilogram 
NA Not available 
SSV Sediment Screening Value 
Bolded concentrations exceed the SSV 
SSVs from Supplemental Guidance to RAGs: Region IV Bulletins, Ecological Risk AssessTnem, Bulletin 2 (USEPA. 1995a) 

10.7.42 
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Inorganic Elements in Sediment 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Twenty-three metals were detected in AOC 637 sediment. Copper, lead, mercury, nickel, and 2 

zinc were detected above their respective SSVs. Figures 10.7-14 through 10.7-18 present copper, 

lead, mercury, nickel, and zinc concentrations in sediment respectively, at AOC 637. 4 

10.7.5 Groundwater Sampling and Analysis 5 

The approved final RFI work plan proposed the installation and sampling of one shallow 6 

monitoring well within the AOC 637 area to: (1) assess groundwater quality, and (2) identify 7 

contaminants which may be migrating from the site in the shallow aquifer. During the field 8 

investigation, three shallow monitoring wells were installed at this site, in two phases 9 

(Figure 10.7-1). These wells were installed between 12 and 13 ft bgs in the fill material. The 10 

proposed shallow well was installed within the site area as specified in the approved final RFI 11 

work plan. The groundwater sample from this well was analyzed for metals, pesticides/PCB, 12 

SVOCs, and VOCs at DQO Level ill. Later, two second phase weiis were instaiied to delineate 13 

metal and VOC contamination identified during the first sampling round. Second phase well 14 

groundwater samples were analyzed for metals, pesticides/PCBs, SVOCs, VOCs, explosives, and 15 

propellants at DQO Level III. A duplicate sample was collected from a second phase monitoring 16 

well. This duplicate was analyzed for Appendix IX parameters and explosives/propellants. 17 

Table 10.7.9 summarizes groundwater sampling and analyses at these sites. 

Well Number 

637001 

637002 

637003 

Noles: 

Well Depth 

Shallow 

Shallow 

Shallow 

Table 10.7.9 
ZoneG 

AOC637 
Groundwater Samples and Analyses 

Sample Identifier 

63700101 

637002AI 

637003Al* 

Date Sampled 

11115[96 

4/30/97 

4/30197 

1 SW-846 (metals, pestiCides/PCBs, SVOCs, VOCs) at DQO Level III 

Analyses Remarks 

Note 1 

Note 2 Second-round sample 

Note 213. Second-round sample 

2 SW-846 (metals, pestlcldesfPCBs, SVOCs. VOCs); explOSives, propellants a( DQO Level III 
3 Appendix IX suite: Appendix IX (pestiCides/PCBs, herbicides. SVOCs, VOCs); SW-846 (metals, diOXins. OP-pesticldes); cyanide; hex

chrome and explOSives/propellants at DQO Level IV 
* Duplicate sample collected 

10.7.48 
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10.7.5.1 Nature of Contamination in Groundwater 

Zone G RCRA Facility investigation Repon 
NAVBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Organic analytical results for groundwater are sununarized in Table 10.7.10. Inorganic analytical 2 

results for groundwater are sununarized in Table 10.7.11. Table 10.7.12 sununarizes all analytes 3 

detected in groundwater at AOC 637. Appendix D contains a complete analytical data report for 4 

all Zone G samples. 5 

6 

Volatile Organic Compounds in Groundwater 7 

Seven VOCs were detected in shallow groundwater samples from AOC 637. Concentrations of 8 

benzene, chlorobenzene, ethylber.zene, toluene and xylene, were detected above t.1teir respective ') 

tap water RBCs. Figures 10.7-19 through 10.7-23 present these VOC concentrations in AOC 637 10 

groundwater. 11 

12 

Semivolatile Organic Compounds in Groundwater 13 

Fifteen SVOCs were detected in shallow groundwater samples from AOC 637. Concentrations 14 

of I A-dichlorobenzene, 4-methylphenol, and naphthalene, exceeded their respective tap water 15 

RBC. Figures 10.7-24 through 10.7-26 present lA-dichlorobenzene, 4-methylphenol and 16 

naphthalene concentrations in AOC 637 shallow groundwater samples respectively. 17 

18 

Pesticides and PCBs in Groundwater 19 

Two pesticides, 4,4'-DDD and 4A'-DDT were detected in AOC 637 groundwater samples at 20 

concentrations below their respective tap water RBCs. 21 

22 

Other Organic Compounds in Groundwater 23 

The explosive tertyl was detected at a concentration above its respective tap water RBC at 24 

AOC 637. The propellant hydrazine was also detected above its tap water RBC in AOC 637 25 

shallow groundwater samples. Figure 10.7-27 presents tetryl concentrations III shallow 26 

groundwater at AOC 637. Figure 10.7-28 presents hydrazine concentrations in shallow 27 

ground water. 

lO.7.54 
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Inorganic Elements in Groundwater 

Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 -Site-Specific Evaluations 
Revision: 0 

Twenty-one metals were detected in shallow groundwater at AOC 637. Antimony, barium, 2 

chromium, lead, and thallium, exceeded their tap water RBCs and Zone G shallow background 3 

concentrations at AOC 637. Figures 10.7-29 through 10.7-33 show antimony, barium, chromium, 4 

lead, and thallium in AOC 637 shallow groundwater respectively. Iron was detected at 5 

concentrations exceeding its tap water RBC. Because iron is considered an essential nutrient no 6 

background was determined. 7 

8 

10.7.6 Surface Water Sampling and Analysis 9 

A surface water sample was collected at AOC 637 to determine the impact of contaminant 10 

transport via the downgradient drainage pathway from the site. This sample was not called for 11 

in the approved final RFI work plan, and was proposed as a follow-on sample for the site 12 

(Figure 10.7-1). The surface water sample was analyzed for metals, pesticides/PCBs, OP 13 

pesticides, SVOCs, and VOCs at DQO Level m. Table 10.7.13 surnrnarizes the AOC 637 surface 14 

water sampling and analyses. 15 

L--!X:2ti'l!l 

637WOOOI 

Notes: 

Table 10.7.13 
ZoneG 

AOC 637 
Surface Water Sample and Analyses 

Sample Date 
Irtentilier {'(l[lecter'l Analll!O:po;: {---

637WOOOWI 3119197 See note 

SW-846 (metals, pestiCides/PCBs, OP-Pesticldes, SVOCs, VOCs) at DQO Level III 

10.7.6.1 Nature of Contamination in Surface Water 

Rprnarl! .. 

Organic compound analytical results for sediment are summarized in Table 10.7.14. Inorganic 2 

analytical results for soil are summarized in Table 10.7.15. Table 10.7.16 summarizes all analytes 3 

detected in groundwater at AOC 637. Appendix D contains a complete analytical data report for 4 

all Zone G samples. 5 

10.7.76 
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Table 10.7.14 
ZoneG 

AOC637 

Zone G RCRA Facility investigation Repon 
NA YBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Organic Analytical Results for Surface Water 

Parameters 

Frequency 
of 

Detection 

Semivolatile Organic Compounds (1 Sample) (ugIL) 

Acenaphthene 1/1 

Benzoic acid 111 

bis(2-Elhylhexyl)phtbalate 111 

Naphthalene 1/1 

Phenanthrene 111 

Notes: 

Range of 
Detections 

""giL) 

4 

2 

3 

Mean of 
Detections 

""gIL) 

4 

2 

3 

Reference 
Conc.* 
""giL) 

11 

NL 

0.3 

62 

NL 

Number of 
Samples Exceeding 

Reference 

o 

NA 

o 

NA 

* Freshwater surface water chronic screening values from Supplemental Guidance to RAGS: Region N Bulletins, Ecological Risk 
Assessment, Bulletin 2 (USEPA, 1995a) were used as reference concentrations 

NL Not listed 
NA Not applIcable 
j.J.g/L Micrograms per liter 

10.7.82 
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Parameters 

Semivolatile Organic Compounds (uglL) 

Acenaphtbene 

Benzoic acid 

bis(2-Ethylhe,yl)phtbalate 

Naphthalene 

Phenanthrene 

Inorganics (ugIL) 

Aluminum (AI) 

Antimony (Sb) 

Arsenic (As) 

Banum (Ba) 

Beryllium (Be} 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (Cr) 

Cobal' (Co) 

Copper (Cu) 

Iron (Fe) 

Lead (Pb) 

Magnesium (Mg) 

Manganese (Mn) 

Mercury (Hg) 

Nlckel (Ni) 

Potassium (K) 

Sodium (Na) 

Tin (Sn) 

Table 10.7.16 
ZoneG 

AOC 637 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific EvaluatiollS 
Revision: 0 

Analytes Detected in Surface Water Samples 

Location Concentration Reference Cone.· 

637WOOOI 17 

637WIlOOI 4 NL 

637WOOOI 2 0.3 

637WIlOOI 3 62 

637WOOOI NL 

637WOOOl 16000 87 

637WOOOI 9.8 160 

637WOOOI 29 190 

637WIlOOI 1720 NL 

637WOOOI 1.4 0.53 

637Woool 4.2 0.66 

637Woool 465000 NL 

637Woool 131 II 

637Woool 10.9 NL 

637WIlOOI 696 6.54 

637WOOOI 35100 1000 

637Woool 283 1.32 

637WOOOI 121000 NL 

637Woool 846 NL 

637Woool 2.Z 0.012 

637WIlOOI 70.5 87.71 

637Woool 67000 NL 

637Woool 1070000 NL 

637Woool 17.7 NL 

10.7.85 



Table 10.7.16 
ZaneG 

Aoe 637 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spec~lic Evaluations 
Revision: 0 

Analytes Detected in Surface Water Samples 

Parameters Location Concentration Reference Cone. * 

Vanadium (V) 637WOOOI 67.5 NL 

Zinc (Zn) 637WOOOl 1040 58.91 

NOles: 
* = Freshwater surface water chronic screening values from SupplemefUaJ Guidance to RAGS: Region IV Blllletins. Ecological Risk 

AssessmenJ, Bulletin 2 (USEPA, 1995a) were used as reference concentrations 
NL = Not listed 
NA = Not applrcable 
fig/L = Micrograms per liter 
Bolded concentrations exceed freshwater surface water chrome screening values 

Volatile Organic Compounds in Surface Water 

No VOCs were detected in the AOC 637 surface water sample. 

Semivolatile Organic Compounds in Surface Water 

2 

Five SVOCs were detected in the AOC 637 surface water sample. Bis(2-ethylhexyl)phthalate was 4 

detected above the fresh water surface water chronic screening value. Figure 10.7-34 shows bis(2- 5 

ethylhexyl)phthalate in surface water at AOC 637. 6 

Pesticides and PCBs in Surface Water 7 

No pesticides or PCBs were detected in the AOC surface water sample. 8 

Inorganic Elements in Surface Water 9 

Twenty-one metals were detected in surface water at AOe 637. Aluminum, beryllium, cadmium, JO 

chromium, copper, iron, lead, mercury, and zinc exceeded their respective freshwater surface 11 

water chronic screening value. Figures 10.7-35 through 10.7-43 present these metals 12 

concentrations detected in AOC 637 surface water. 13 

10.7.86 
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10.7.7 Fate and Transport Assessment 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

A eSI site, AOe 637 is a former burning dump located between Dyess Avenue and Bainbridge 2 

Avenue. Environmental media sampled as part of the AOe 637 investigation included surface 3 

soil, subsurfaces soil, sediments, groundwater, and surface water. Potential constituent migration 4 

pathways investigated for AOe 637 include soil-to-groundwater, groundwater-to-surface water, 5 

surface soil-to-sediment and emission of volatiles from surface soil to air. 6 

10.7.7.1 Groundwater-to-Surface Water 7 

Table 10.7.17 compares maximum detected organic constituent concentrations in surface soil and 8 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 9 

For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil to 

screening levels or (b) background concentrations. To provide a conservative screen, generic soil 11 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, 12 

with no attenuation of constituents in soil (DAF=20). 13 

One organic compound - hydrazine - was detected in AOe 637 in surface and surface soil at 14 

concentrations exceeding groundwater protection SSLs. Hydrazine exceeded the SSL in five 15 

surface soil samples (637SB001, 637SB002, 637SB003, 637SB004, and 637SB005), and one 16 

subsurface soil sample (637SB003). Additionally, hydrazine was detected at Aoe 637 in shallow 17 

groundwater. The presence of hydrazine at AOe 637 is consistent with the historical uses of this 18 

site. Hydrazine is associated with torpedo and rocket fuels (as a propellant) and was also probably 19 

associated with other types of wastes that were either burned or used to ignite other wastes. The 20 

presence of hydrazine in both surface soil and subsurface soil, as well as in groundwater, indicate 21 

that the soil-to-groundwater pathway for hydrazine has merit. 22 

10.7.97 



Table 10717 
Chemicals Detected m Sutface Soil, SUbsutface Soil, and Shallow Groundwater 
Companson to SSLs, Tap Water RBCs, Saltwater Sutface Water Chronic Screemng Levels, and Background Concentrations 
NA VBASE Charleston, Zone G' AOC 637 
Charleston, South Carolina 

Max ConcentratIOn Max ConcentratIOn Screenmg Concentration * 
Soil to Saltwater 

Surface Subsurfac Shallow Oeep GW Tap Water Surf Wtr. SOil Water 
Parameter Soil Soil GW GW SSL RBC Chronic Units Units 

Volatile Organic Compounds 
Acetone NO ND 25 NA 16000 3700 NA UOIKO u""-
Benzene ND NO 55 NA 30 036 109 UOIKO UG~ 

2-Butanone (MEK) ND 81 ND NA 7900 1900 NA UOIKO UG,,-

Carbon disulfide I 4 ND NA 32000 1000 NA UOIKO UG~ 

Chlorobenzene NO NO 38 NA 1000 39 105 UOIKO UG~ 

Ethylbenzene NO NO 440 NA 13000 1300 43 UOIKO UG~ 

4-Methyl-2-Pentanone (MIBK) ND ND 22 NA 12000 2900 NA UGIKO u""-
!Toluene ND ND 92 NA 12000 750 37 UGlKG UG~ 

Xylene (total) NO ND 6300 NA 148000 12000 NA UGlKG UG~ 

Semivolatile Organic Compounds 
Acenaphthene 200 ND 13 NA 570000 2200 97 UOIKO UG~ 

IAcenaphthylene 45 ND NO NA 293000 1500 NA UGlKG UG~ 

IAnthracene 410 46 II NA 12000000 11000 NA UGlKG u",,-
Benzoic acid ND ND ND NA 400000 150000 NA UGIKO UG~ 

Benzo(g,h,i)perylene 680 120 ND NA 466E+08 1500 NA UGIKO UM 

Benzo(a)pyrene equivalents NA 
Benzo( a )anthracene 1000 110 ND NA 2000 0092 NA UOIKO UG~ 

Benzo( a )pyrene 890 140 ND NA 8000 00092 NA UOIKO UG~ 

Benzo(b )fluoranthene 1400 140 NO NA 5000 0092 NA OOIKO UG,,-

Benzo{k)fluoranthene 720 120 ND NA 49000 092 NA UOIKO UG,,-

Chrysene 1200 160 NO NA 160000 92 NA UOIKO UG,,-

Dibenzo(a,h)anthracene 320 47 NO NA 2000 00092 NA UOIKO UG,,-

Indeno( I ,2,3-cd)pyrene 560 110 NO NA 14000 0092 NA UOIKO UG,,-

Dibenzofuran 100 ND 14 NA 50000 150 NA UOIKO UG~ 

1,4-Dichlorobenzene ND ND 2 NA 2000 044 199 OOIKO UGIL 

2,4-DichlorophenoJ ND ND 4 NA 1000 110 NA UOIKO UG,,-

~,4-Dimethylphenol ND NO 48 NA 9000 730 NA UOIKO UG,,-

b;s(2-Ethylhexyl)phthalate (BEHP) 100 ND ND NA 3600000 48 NA UOIKO UG,,-

Fluoranthene 1700 220 9 NA 4300000 1500 16 UOIKO UG,,-

Fluorene 200 ND 15 NA 560000 1500 NA UOIKO UG,,-

2-Methylnaphthalene 120 ND 39 NA 126000 1500 NA UOIKO UG,,-

2-Methylphenol (a-cresol) ND ND 25 NA 15000 1800 NA UOIKO UG,,-

I4-Methylphenol (p-cresol) NO ND 50 NA 1380 180 NA VOIKO UG,,-

Naphthalene 160 ND 240 NA 84000 1500 235 UOIKO UG,,-

Phenanthrene 2400 120 55 NA 1380000 1500 NA UOIKO UG,,-

Phenol NO NO 10 NA 100000 22000 58 UOIKO UG,,-

Pyrene 2600 180 6 NA 4200000 1100 NA UOIKO UG,,-

Pestiddes/PCB Compounds 
alpha-Chlordane 39 NO NO NA 10000 019 0004 UGIKO UG,,-

gamma-Chlordane 73 47 ND NA 10000 019 0004 VOIKO UG,,-

4,4'-ODD 12 ND 021 NA 16000 028 0025 VOIKO UG,,-

4,4'-DDE 20 ND NO NA 54000 02 014 UGIKO UG,,-

4,4'-DDT 36 ND 012 NA 32000 02 0001 UOIKO UG,,-

Endosulfan II 33 ND ND NA 18000 220 00087 UOIKO UG,,-

Endnn 15 NO ND NA 1000 II 00023 VOIKO UG,,-

Endrin aldehyde 55 NO ND NA 1000 11 NA UOIKO UG,,-

Endrin ketone II NO ND NA 1000 II NA UOIKO OO:L 

Heptachlor 13 NO NO NA 23000 00023 00036 UOIKO UG,,-

Heptachlor epoxide 28 ND ND NA 700 00012 00036 VOIKO UG,,-

Aroclor-1260 120 ND ND NA 1000 0034 003 VOIKO UG~ 

Hydrazine 
Hydrazme 213 323 77 NA 0088 0022 NA UGIKO VO,L 

Explosives 
Tetryl ND ND 38 NA NA NA NA UOIKO um 

Ground- Surface 
Water Water 

Leaching MigratIOn Migrabon 
Potential Concern Concern 

NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO YES 
NO NO NO 

NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES YES NO 

NO NO NO 



I ............. ; .. r ................. tlc •.. ~. e-~·~ ....... ~ ••• l"~-~-~ 

Alummum 14700 7960 415 NA 1000000 37000 NA M<>KG VG,," 

Antimony 047 15 87 NA 5 15 NA MGIKG VG,," 

!Arsenic 19 75 79 NA 29 187 36 MGIKG v,",-
Banum 403 23 6000 NA 1600 2600 NA MGIKG VG~ 

Beryllium 0.79 056 ND NA 63 12 NA MGJ}(G VG~ 

CadmIUm 059 082 036 NA 8 18 93 MGIKG VG,," 

Chromium (total) 304 214 336 NA 1000000 180 50 MGIKG VG,," 

Cobalt 4 22 23 NA 2000 2200 NA MGIKG VG~ 

Copper 107 144 118 NA 920 130000 833 MGIKG v'"'-
Cyanide 027 015 NT NA 40 730 38 MGIKG VG,," 

Lead 98 340 44 I NA 400 15 85 MGJ}(G VG,," 

Manganese 186 100 416 NA 1100 2560 NA MGlKG v'"'-
Mercury 062 029 033 NA 2 I II 0.025 MGIKG VG~ 

~ickel 22 I 226 1245 NA 130 730 217 MGIKG VG,," 

Selemum II 075 42 NA 5 180 71 MGIKG VG,," 

Silver ND ND 1.7 NA 34 180 29 MGIKG VGIL 

~hallium 106 065 55 NA 095 29 21 3 MGIKG VGIL 

Tm 106 19 ND NA 11000 22000 NA MGIKG VGIL 

Vanadmm 37 I 185 57 NA 6000 260 NA MGlKG VG~ 

Zinc 234 215 363 NA 12000 11000 86 M<>KG VGIL 

Notes 
• Screening Concentrations 

Soil to GW ~ Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated uSing values from Table 6 4 
Tap Water RBC ~ From EPA Region III Risk~Based Concentration Table, October 22, 1997 

NO NO NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO NO 
NO YES YES 
NO NO NO 
NO NO YES 
NO NO NO 
NO NO NO 
NO NO NO 

YES YES NO 
NO NO NO 
NO NO NO 
NO NO YES 

Salt Water Surface Water Chronic p From EPA Supplemental GUidance to RAGS Region IV Bulletins, Ecological Risk Assessment, November, 1995, Table 2 
For morganics, the value shown IS the greater of the relevant screening value or the correspondmg background value 

NA· Not availablefNot applicable 
ND - Not detected 
RBe - Risk based concentration 
SSL - Soil screening level 
MGIKG ~ Milligrwns per kIlogram 
NG/KG - Nanograms per kilogram 
PGIL - Picograms per liter 
VG/KG· Micrograms per kilogram 
VOIL· Micrograms per liter 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaiuarions 
Revision: 0 

The only inorganic analyte detected in surface soil at concentrations exceeding groundwater 

protection criteria is thallium. Thallium exceeded the SSL in the surface soil at only one location 2 

(637SB007). Additionally, thallium was also present in site groundwater. The presence of 3 

thallium at AOC 637 is apparently not consistent with the historical activities at this AOC. It is 4 

unlikely that its presence is associated with the historical uses of the AOC, and is probably a 5 

natural component of the dredge spoils used to fill the site. The presence of thallium above the 6 

SSL in surface soil indicates that the pathway has merit; however its absence above SSLs in 7 

subsurface soil raises some question as to the magnitude of its significance. 8 

10.7.7.2 Groundwater-to-Surface Water Cross-Media Transport 9 

Table 10.7.17 also compares maximum detected organic compound concentrations in shallow to 

groundwater samples to risk -based concentrations for drinking water, and to chronic ambient 11 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 12 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 13 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 14 

groundwater, as well as to the saltwater surface water chronic values. To provide a conservative 15 

screening, no attenuation or dilution of constituents in groundwater is assumed before comparison 16 

to the relevant standards. 17 

Three organic compounds (benzene, 1,4-dichlorobenzene, and hydrazine) were present in 18 

groundwater at c-oncentratio:ns exceeding the applicable tap water RJ3C screening levels during lq 

first-quarter sampling. The exceedance for benzene, was recorded at location 637001. 20 

l,4-dichlorobenzene was present at concentrations exceeding the applicable RBC screening levels 21 

at locations 637003 and 637002. Hydrazine was detected in groundwater at concentrations 22 

exceeding the RBC screening level at locations 637002 and 637003. 23 

10.7.100 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: a 

Three inorganic analytes (barium, lead, and thallium) were detected at levels that exceeded the 

applicable tap water RBC during the first-quarter of groundwater monitoring. Lead and thallium 2 

were present at levels that exceeded the RBCs at location 637001 and barium was detected at a 

concentration exceeding the tap water RBC at locations 637001 and 637003. 4 

Based on the first-quarter groundwater sample results for AOC 637, from a chemical standpoint, 5 

the risk-based exposure pathway has merit. Each of the sampling locations can be characterized 6 

as to a particular group of contaminants - the provenance of these groups may be linked 7 

historically and simply represent the types of wastes burnedlburied in proximity to that location. 8 

Each sampling location at AOC 637 has its own peculiar mix of contaminants. The interaction 9 

between these contaminants, and the consequent effect(s), if any, on overall groundwater 10 

contamination will need to be further evaluated following several quarters of groundwater 11 

monitoring. Importantly, the risk-based exposure pathway is incomplete due to the absence of a 12 

receptor group. Therefore, while it is acknowledged that contaminant concentrations are present 13 

that exceed their applicable RBC screening levels, the exposure pathway is considered invalid. 14 

Seven organic compounds were present in groundwater at concentrations that exceed their 15 

respective saltwater surface water chronic screening values (ethylbenzene, toluene, acenapthene, 16 

fluoranthene, naphthalene, 4,4'-DDD, and 4,4'-DDT). The majority of the exceedances of the 17 

surface water chronic screening levels for ethylbenzene and toluene were recorded at location 18 

637001. Acenapthene, fluoranthene, naphthalene, 4,4'-DDD, and 4,4'-DDT exceedances were 19 

all detected at location 637003. 20 

Four inorganic analytes (copper, lead, mercury, and zinc) were detected at locations 637001 and 21 

637003 at concentrations in groundwater that exceeded the applicable surface water chronic 22 

screening levels. Based on the first-quarter groundwater monitoring sampling results, the 23 

groundwater-to-surface water migration pathway does have merit purely from a chemical 24 
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standpoint. From a physical perspective, groundwater flow exhibit components that are consistent 

with discharge to the Cooper River (1000 feet to the northeast) and Shipyard Creek (1250 feet to 2 

the southeast). However, significant attenuation of these constituents through dispersion, 

retardation, and potentially biological reduction can reasonably be expected to occur over these 4 

distances. Further attenuation of concentrations through dilution will also occur upon discharge 5 

into the surface water at these receptor points. To fully evaluate the potential risk associated with 6 

this pathway, from a physico-chemical perspective, will require specialized sampling for 7 

constituents indicative of bioattenuation, as well as several quarters of data simply to establish 8 

empirical trends. Irregardless, the pathway has merit, but the level of significance associated with 9 

it requires further data and analysis. 10 

10.7.7.3 Soil-to-Air Cross-Media Transport 11 

Table 10.7.18 lists the VOCs that were detected in surface soil samples collected at AOC 637, 12 

along with the corresponding soil-to-air volatilization screening criteria. No VOCs were detected 13 

in surface soil at AOC 637, consequently, the soil-to-air migration pathway is not considered 14 

valid. 15 

10.7.7.4 Fate and Transport Summary 16 

One organic compound - hydrazine - and one inorganic analyte - thallium - were detected in 17 

surface soil at concentrations that exceeded the applicable SSLs. Hydrazine was present in surface 18 

soil, subsurface soil and groundwater. Thallium was detected in surface soil at one location at 19 

concentrations exceeding the applicable SSL. The presence of hydrazine is consistent with the 20 

historical activities at AOe 637; however, the presence of thallium is more likely a natural 21 

component of the dredged spoil used to fill the site. The presence of hydrazine in the surface soil, 22 

subsurface soil, and groundwater indicates that the soil-to-groundwater migration 23 
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Table 10.7.18 
Soil to Air Volatilization Screening Analysis 
NA VBASE Charleston, Zone G: AOC 637 
Charleston, South Carolina 

Maximum 
Concentration 

in Surface 
VOCs Soil 

Carbon disulfide I 

Notes: 

Soil to 
Air Exceeds 

SSL* Units SSL 

720000 UG/KG NO 

* - Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region III Risk-Based Concentiation Table, June 1996. 

NA - Not available 
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pathway for hydrazine has merit. The significance of the pathway for thallium is unclear due to 

its absence above SSLs in subsurface soil. Three organic compounds (benzene, 1,4- 2 

dichlorobenzene and hydrazine), and three inorganic analytes (barium, lead and thallium) were 3 

detected in concentrations in groundwater at AOC 637 that exceeded the tap water RBCs. Based 4 

on the fust-quarter groundwater monitoring sampling results, the risk -based exposure pathways 5 

for these analytes have merit. Each of the groundwater monitoring locations has a peculiar mix 6 

of contaminants, and the interaction between these groupings of constituents and the consequent 7 

effect(s), if any, on overall groundwater contamination will need to be further evaluated following 8 

several quarters of groundwater monitoring. However, the risk-based exposure pathway is 9 

incomplete due to the absence of a receptor group; therefore, the exposure pathways are 10 

considered invalid. 11 

Seven organic compounds - ethylbenzene, toluene, acenapthene, fluoranthene, naphthalene, 12 

4,4'-DDD, and 4,4'-DDT- and four inorganics - copper, lead, mercury, and zinc - were present 13 

groundwater in concentrations that exceeded the surface water chronic screening values. Based 14 

on the first-quarter groundwater monitoring results and flow conditions, these pathways have 15 

merit. However, significant attenuation of these constituents through dispersion, retardation, and 16 

potentially biological reduction can reasonably be expected to occur over the distances to the 17 

nearest surface water receptors. To fully evaluate the potential risk associated with this pathway, 18 

from a physico-chemical perspective, will require specialized sampling for constituents indicative 19 

of bioattenuation, as well as several quarters of data simply to establish empirical trends and 20 

conclusive flow directions; therefore, the pathway has merit but the level of significance associated 21 

with it requires further data and analysis. No VOCs were detected above the soil-to-air 22 

volatilization screening levels, thus the soil-to-air pathway is not considered valid. 23 
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10.7.8 Human Health Risk Assessment 

10.7.8.1 Site Background and Investigative Approach 
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2 

AOC 637 was a fonner burning dump located between Dyess Avenue and Bainbridge Avene. The 3 

investigative activities centered around the waste burning activities that have occurred at this site. 4 

During the investigation, a total of seven soil borings were advanced. Samples were collected 5 

from the upper interval at all locations and two lower intervals to identify potential impacts 6 

resulting from the activities listed above. Surface soil data was used to quantitatively assess the 7 

direct contact soil exposure pathways. Indirect exposures to contaminants reported in subsurface 8 

soil via cross media transfer were assessed in the previous section, Fate and Transport Assessment 9 

for AOC 637. Three monitoring wells were installed in the shallow aquifer. Data from the initial 10 

sampling event for each well were used to quantitatively assess groundwater exposure pathways. 11 

Sections 10.9.3 and 10.9.5 provide summaries of the sampling effort for soil and groundwater at 12 

AOC637. 13 

10.7.8.2 COPC Identification 14 

~il 15 

Based on the screening comparisons described in Section 7 of this RFI and presented in 16 

Table 10.7.19, Arsenic, BEQs, hydrazine, and thallium were identified as COPCs for surface soil. 17 

Aluminum. beryllium, and manganese were detected at maximum concentrations exceeding their 18 

RBCs but not exceeding their background concentrations. These inorganics were therefore 19 

eliminated from further consideration in the AOC 637 HHRA. Wilcoxon rank sum test analyses 20 

did not result in the inclusion of any parameter that had been screened out on the basis of 21 

background concentration. 22 
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Table 10.7.19 
Chemicals Present in Site Samples 
AOe 637 - Surtace Soil 
NAVBASE - Charleston, Zone G 
Charleston. South Carolina 

Frequency 
of 

Parameter Detection 

PCBs 
Aroclor-1260 1 7 

Carcinogenic PAHs 
B(a)P Equiv. · 6 7 
8enzo(a)anthracene · 5 7 
Benzo(b)fluoranthene · 5 7 
Chrysene 6 7 
Dibenz(a,h)anthracene · 3 7 
Indeno(I,2,3-cd)pyrene 4 7 
Benzo(k)fluoranthene 5 7 
8enzo(a)pyrene · 5 7 

TCOO Equlvalants 
Dioxin Equiv. 2 2 
1234678-HpCOO 2 2 
1234678-HpCOF 1 2 
123678-HxCOO 1 2 
123789-HxCOO 1 2 
1234 78-HxCOF 1 2 
OCOO 2 2 
OCOF 2 2 

Inorganlcs 
Aluminum (AI) 7 7 
Antimony (Sb) 1 7 
Arsenic (As) · 7 7 
Barium (8a) 7 7 
Beryllium (Be) 7 7 
Cadmium (Cd) 7 7 
Calcium (Ca) N 7 7 
Chromium (Cr) 7 7 
Cobalt (Co) 7 7 
Copper (Cu) 7 7 
Cyanide (CN) 1 6 
Iron (Fe) N 7 7 
Lead (Pb) 7 7 
Magnesium (Mg) N 7 7 
Manganese (Mn) 7 7 
Mercury (Hg) 5 7 
Nickel (Ni) 7 7 
Potassium (K) N 7 7 
Selenium (Se) 4 7 
Sodium (Na) N 7 7 
Thallium (TI) · 2 7 
Tin (Sn) 3 7 
Vanadium (V) 7 7 
Zinc (Zn) 7 7 

Pesticides 
alpha-Chlordane 3 7 
gamma-Chlordane 6 7 
4,4'-000 1 7 
4,4'-DDE 4 7 
4,4'·00T 2 7 
Endosulfan II 1 7 
Endrin 1 7 
Endrin aldehyde 1 7 
Endrin ketone 1 7 
Heptachlor 2 7 
Heptachlor epoxide 1 7 

Range 
of 

Detection 

120 120 

15.59 1507.2 
56 1000 
54 1400 
51 1200 

160 320 
168.5 560 

40 720 
56 890 

03401 0.5712 
149 18.5 
1.76 1.76 

0.738 0.738 
1.25 1 25 

0.572 0.572 
115 183 
1.3 435 

4010 14700 
0.47 0.47 
4.2 19 

11.6 40.3 
0.27 0.785 
009 059 

9270 103000 
8.5 304 

0.92 4 
11.1 107 
0.27 027 

4030 16600 
14.05 98 

580 2990 
33.2 186 
0.14 0.62 
4.1 22.1 
239 1410 
046 1.1 
325 575 

0.82 1.06 
1.65 10.6 
8.9 37.05 

39.7 234 

2.6 39 
22 73 
12 12 

4.1 20 
29 36 

3.3 33 
15 15 
55 55 
11 11 

3.9 13 
2.8 2.8 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Cone SQL RBC BackQround Units RBC Bkad 

120 73 93 320 NA UG/KG 1 

654 855.07 855.07 88 NA UG/KG 4 
553 370 390 880 NA UG/KG 1 
477 370 370 880 NA UG/KG 1 
562 370 370 88000 NA UG/KG 
217 360 390 88 NA UG/KG 3 
375 370 390 880 NA UG/KG 
367 360 370 8800 NA UG/KG 
517 370 390 88 NA UG/KG 4 

0.46 NA NA 1000 NA NG/KG 
16.7 NA NA NA NA NG/KG 

1.8 2.66 2.66 NA NA NG/KG 
0.74 0.398 0.398 NA NA NG/KG 

1.3 0.415 0.415 NA NA NG/KG 
0.57 0.319 0.319 NA NA NG/KG 
149 NA NA NA NA NG/KG 
2.8 NA NA NA NA NG/KG 

6598 NA NA 7800 18700 MG/KG 1 
0.47 0.32 037 3.1 2.89 MG/KG 
84 NA NA 0.43 17.2 MG/KG 7 1 

28.0 NA NA 550 109 MG/KG 
0.46 NA NA 0.15 1.2 MG/KG 7 
0.42 NA NA 3.9 1.07 MG/KG 

58024 NA NA NA NA MG/KG 
201 NA NA 39 42.8 MG/KG 
24 NA NA 470 6.6 MG/KG 

428 NA NA 27000 260 MG/KG 
0.27 0.11 0.12 160 0.38 MG/KG 

7909 NA NA NA NA MG/KG 
53.2 NA NA 400 181 MG/KG 
1771 NA NA NA NA MG/KG 

101 NA NA 180 325 MG/KG 1 
0.28 005 0.07 2.3 1.03 MG/KG 
12.3 NA NA 160 20.6 MG/KG 1 
686 NA NA NA NA MG/KG 
0.75 0.33 0.37 39 1.22 MG/KG 
413 NA NA NA NA MG/KG 
094 0.37 0.4 0.63 085 MG/KG 2 1 
57 1 35 4700 9.67 MG/KG 1 

19.2 NA NA 55 60.9 MG/KG 
129 NA NA 2300 519 MG/KG 

147 1.5 1.6 1800 NA UG/KG 
15.5 1.6 1 6 1800 NA UG/KG 
12.0 2.7 31 2700 NA UG/KG 
11.7 2.7 31 1900 NA UG/KG 
32.5 2.7 13 1900 NA UG/KG 
3.3 2.7 7.1 47000 NA UG/KG 

150 2.7 46 2300 NA UG/KG 
55 2.7 31 2300 NA UG/KG 

11 0 2.7 31 2300 NA UG/KG 
8.5 1 4 1 6 140 NA UG/KG 
2.8 1.4 5.4 70 NA UG/KG 



~.mIVOlat".s 

iAcenaphthene 
iAcenaphthylene 
Anthracene 
Benzo(g, h, j )perylene 
bis(2-Ethylhexyl)phthalate 
Olhenzofuran 
Fluoranthene 
Fluorene 
2-MethYlnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

Volatile Organics 
Carbon disulfide 

Propellants 
Hydrazine 

Notes: 
.. - Identified as a cope 
N - Essential nutrient 

. 

SQl - Sample quantitation limit 
MGIKG - milligram per kilogram 
UG/KG - microgram per kilogram 
NG/KG - nanogram per kilogram 
NA - Not applicable 

4 7 100 
1 7 45 
4 7 240 
5 7 50 
2 7 84 
3 7 66 
7 7 59 
4 7 95 
3 7 55 
2 7 77 
6 7 82 
7 7 80 

1 6 1 

5 5 65.5 

200 155 370 390 470000 NA UG/KG 
45 45.0 360 410 230000 NA UG/KG 

410 323 370 390 2300000 NA UG/KG 
680 356 370 390 230000 NA UG/KG 
100 92.0 360 410 46000 NA UG/KG 
100 83.7 370 410 31000 NA UG/KG 

1700 815 NA NA 310000 NA UG/KG 
200 151 370 390 310000 NA UG/KG 
120 783 370 410 310000 NA UG/KG 
160 119 360 410 310000 NA UG/KG 

2400 1037 370 370 230000 NA UG/KG 
2600 1007 NA NA 230000 NA UG/KG 

1 1.0 5 6 780000 NA UG/KG 

213 140 NA NA 210 NA UG/KG 1 
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As shown in Table 10.7.20, antimony, barium, benzene, chlorobenzene, chromium, ethylbenzene 2 

l,4-dichlorobenzene, hydrazine, lead, 4-methylphenol, naphthalene, tetryl, thallium, toluene, and 3 

xylene (total) were identified as COPCs in shallow groundwater for AOC 637. 2-Methylphenol 4 

was retained as a COPC due to its similarity with 4-methylphenol. Arsenic and manganese were 5 

detected at maximum concentrations exceeding their RBCs but not exceeding their background 6 

concentration. These inorganic parameters were therefore eliminated from further consideration 7 

in the AOC 637 HHRA. An insufficient number of groundwater samples were collected to run 8 

Wilcoxon rank sum test analyzes; therefore these analyses were not performed for AOC 637 9 

groundwater. 10 

10.7.8.3 Exposure Assessment II 

Exposure Setting 12 

AOC 637 is a luoderately deVeloped urban setting, approximately 1,100 feet southwest of the i3 

waterfront along the Cooper River. The site is currently a gravel parking area which would 14 

prevent direct contact with soil, but would not inhibit migration of potential contaminants to 15 

groundwater or air. All potable water is provided through the city's water supply. Shallow 16 

groundwater at the site is not currently nor anticipated to be used in the future as potable or 17 

process water. 18 

Potentially Exposed Populations 19 

Potentially exposed populations are current and future site workers, hypothetical future site 20 

residents, and adolescent trespassers. Future site resident and site worker exposure scenarios were 21 

addressed quantitatively in this risk assessment. Current exposure to workers is discussed 22 

qualitatively in relation to the future workers and future residents. The hypothetical future site 23 

worker scenario assumes continuous exposure to surface soil conditions. Current site workers' 24 

exposure would be less than that assumed for the hypothetical future site worker scenario because 25 
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Table 10 7 20 
Chemicals Present in Site Samples 
AOC 637 - Groundwater 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Frequency 

Parameter 

Inor!1anics 
Aluminum (1\1) 
Antimony (Sb) 
Arsenic (As) 
Barium (8a) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Iron (Fe) 
Lead (Pb) 
II.A",,,n.<>.,JlIn"> II\.A,,\ , .... 1::1·· ....... · ... ···\···::11 

anese (Mn) 
ury (Hg) 

Ni) 
Potassium (K) 
Silver (Ag) 
Sodium (Na) 
Thallium (TI) 
Vanadium (V) 
Zinc (Zn) 

Pesticides 
,4'-DDD 
,4'-DDT 

Semivolatile Organics 
Acenaphthene 
Anthracene 
Dibenzofuran 
1,4-Dlchlorobenzene 
2.4-Dichlorophenol 
2.4-Dimethylphenol 
Fluoranthene 
Fluorene 
2-Methylnaphthalene 
2-Methylphenol 

-Methylphenol 
~~phth~lene 
henanthrene 
henol 

Pyrene 

Volatile OrganiCS 
~cetone 
Benzene 
Chlorobenzene 
Ethylbenzene 
!4-Methyl-2-pentanone 
Toluene 
Xylene (Total) 

Propellants 
Hydrazine 
Tetryl 

Notes: 
* - Identified as a COPC 
N - Essential nutrient 

· 
· 
N · 
N 

· 
N 

N 

N 

· 

· 

· · 

· · · 
· · 
· · 

SOL - Sample quantitation limit 
UG/L - microgram per liter 
NA - Not applicable 

of 
Detection 

3 
2 
2 
3 
2 
3 
3 
2 
1 
3 
3 
3 
3 
1 
3 
3 
1 
3 
2 
2 
3 

1 
1 

2 
1 
2 
2 
1 
2 
1 
2 
2 
2 
1 
2 
2 
2 
1 

2 
2 
3 
1 
1 
2 
2 

2 
1 

Range 
of 

Detection 

3 678 415 
3 68 8.7 
3 7.6 7.9 
3 211 6000 
3 0.35 0.36 
3 124000 233500 
3 14 33.6 
3 1.2 2.25 
3 118 118 
3 6607 18800 
3 1.2 44.1 
3 38060 212000 
3 209 416 
3 0.33 0.33 
3 33 12.45 
3 38000 205000 
3 1.7 1 7 
3 644000 3410000 
3 3 5.5 
3 1.5 5.7 
3 58.4 363 

3 021 0.21 
3 012 0.12 

3 3 12.5 
3 11 11 
3 1 i3.5 
3 2 2 
3 4 4 
3 28 48 
3 9 9 
3 2 15 
3 3 39 
3 19 25 
3 50 50 
3 20 240 
3 1 55 
3 6 9.5 
3 6 6 

3 6.5 25 
3 3 55 
3 2 38 
3 440 440 
3 22 22 
3 2 92 
3 6 6300 

2 58 7.65 
2 38 38 

Average Range Screening Concentrations Number 
Detected of Exceeding 

Cone. SOL RBC Background Units RBC BkQd 

195.7 NA NA 3700 692 UG/L 
7.8 1.6 1.6 1.5 4.85 UG/L 2 2 
7.8 2.1 2.1 0045 17.8 UG/L 2 

3227 NA NA 260 31 UG/L 2 3 
0.36 0.5 0.5 1.8 053 UG/L 

170833 NA NA NA NA UG/L 
13.4 NA NA 18 388 UG/L 1 2 
1.7 09 09 220 1.45 UG/L 1 
118 1.9 21 150 8.33 UG/L 1 

13436 NA NA NA NA UG/L 
19.5 NA NA 15 46 UG/L 1 1 

107153 NA NA NA NA UGfL 
313 NA NA 84 2906 UG/L 3 

0.33 0.1 0.1 1.1 NA UG/L 
6.9 NA NA 73 4.08 UG/L 2 

111083 NA NA NA NA UG/L 
2 1 6 1.9 18 165 UG/L 1 

1974500 NA NA NA NA UG/L 
4.3 5 5 0.29 NA UG/L 2 
3.6 1.1 1 1 26 15.4 UG/L 

163.4 NA NA 1100 156 UG/L 3 

0.21 0.08 008 0.28 NA UG/L 
0.12 0.08 0.08 0.2 NA UG/L 

7.8 10 10 220 NA UG/L 
11.0 10 10 1100 NA UG/L 

7.3 10 iO 15 NA UGiL 
2.0 10 10 0.44 NA UG/L 2 
4.0 10 10 11 NA UG/L 

38.0 10 10 73 NA UG/L 
9.0 10 10 150 NA UG/L 
8.5 10 10 150 NA UG/L 

21.0 10 10 150 NA UG/L 
220 10 10 180 NA UG/L 
50.0 10 10 18 NA UG/L 1 
130 10 10 150 NA UG/L 1 

28.0 10 10 110 NA UG/L 
7.8 10 10 2200 NA UG/L 
60 10 10 110 NA UG/L 

15.8 100 100 370 NA UG/L 
29.0 5 5 036 NA UG/L 2 
15.7 NA NA 3.9 NA UG/L 2 
440 5 5 130 NA UG/L 1 
220 10 10 290 NA UG/L 
470 5 5 75 NA UG/L 1 
3153 5 5 1200 NA UG/L 1 

6.7 NA NA 0022 NA UG/L 2 
380 10 10 37 NA UG/L 1 
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of their limited soil contact. Therefore, future worker assessment is considered to be 

conservatively representative of current site workers. Since future use of the site is uncertain, the 2 

adolescent trespasser was qualitatively addressed relative to the child resident. The future site 3 

resident scenario was built on the premise that existing buildings would be removed and replaced 4 

with dwellings. 5 

Exposure Pathways 6 

Exposure pathways for the hypothetical future site resident are dermal contact and incidental 7 

ingestion of surface soils. The exposure pathways for current and future site workers are the 8 

same as those for the future site resident with respect to soil. Uniform exposure was assumed for 9 

all sample locations. The groundwater pathway for the hypothetical future site residents and site 10 

workers is incidental ingestion of groundwater and inhalation of VOCs resulting from domestic II 

or process use of groundwater. Table 10.7.21 presents the justification for exposure pathways 12 

assessed ill this I-II-IRA. 13 

Exposure Point Concentrations 14 

Since less than ten samples were collected in surface soil and groundwater, maximum detected 15 

concentrations were used as EPCs, as discussed in Section 7 of this RFI. 16 

P!!tentially E"'p!!sed 
Population 

Current Land Uses 

Current Site 
UserslMaintenance 

Table 10.7.21 
ZoneG 

AOe 637 
EA:posure Pathways Summary 

Medium and E'I(pos!.!!'e 
Pathway 

Air~ Inhalation of gaseous 
contaminants emanating from 
soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

Pathway Seleeted f-or 
Evaluation? 

No 

No 

10.7.110 

Reason for Selection or Exclusion 

Fate a.nd transport screening ilid not identify any 
copes for this indirect exposure pathway. 

No surface soil IS exposed at AOC 637, inhibltlng 
fugitive dust generation Therefore. this 
exposure pathway was considered insignificant 
compared to the other pathways. 



Potentially Exposed 
Population 

Future I and J !ses 

Future Site Residents 
(Child and Adult) and 
Future Site Worker 

Table 10.7.21 
ZQneG 

AOC637 
Exposure Pathways Summary 

Medium and Exposure 
Pathway 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater. 
tnhalation of volatilized 
shallow groundwater 
contaminants 

SoU. Incidental ingestion 

Soil. Dermal contact 

Air. Inhalation of gaseous 
contaminants emanating from 
soil 

Air. Inhalation or chemicals 
entrained in fugitive dust 

Shallow groundwater. 
Ingestion of contammants 
dunng potable or general use 

Shallow groundwater, 
lnhalation of volatilized 
contaminants during domestic 

u"" 
Soil. Incidental mgestlOn 

Soil, Dermal contact 

Wild game or domestIC 
animals. Ingesllon of tissue 
impacted by media 
contammatLon 

Fruits and vegetables, 
lngestion of plant tissues 
grown in media 

Pathway Selected for 
Evaluation? 

No 

No 

No (Qualified) 

No (Qualified) 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

No 
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Reason for Selection or Exclmion 

Shallow groundwater is not currently used as a 
source of potable or process water at AOC 6'37. 

Shallow groundwater is not currently used as a 
source of potabie or process water at AOe 637. 

Future land use assessment is considered to be 
-conservatively representative -of current receptors. 

Future land use assessment is considered to be 
conservatively representative of current receptors. 

Fate and transport screerung did not identify any 
COPCs for tins indirect exposure pathway. 

ThIs exposure pathway was considered 
in!\ignificant compared to the .other pathways. 

Shallow groundwater is not likely to be used as a 
source of potable water at AOC 637, however. 
this pathway was considered as a conservative 
measure. 

Shallow groundwater IS not likely to be used as a 
source of process water at AOC 637. however. 
thIS pathway was considered as a conservative 
measure. 

COPCs were identified subsequent to risk-based 
and background screening compansons. 

copes were identified subsequent to risk-based 
and background screening comparisons. 

Huntmg/taking of game and/or raising hvestoek is 
prohibited within the Charleston. South Carolma 
city limits. 

The potential for significant exposure via this 
pathway is low relative to that of other exposure 
pathways assessed. 
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Soil 2 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.7.22 and 10.7.23, 3 

respectively. 4 

Groundwater 5 

The CDIs for groundwater ingestion are presented in Table 10.7.24. 6 

10.7.8.4 Toxicity Assessment 7 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.7.25 8 

presents toxicological information specific to each COPC identified at AOC 637. This information 9 

was used in the quantification of risk/hazard associated with soil and groundwater contaminants. to 

Brief toxicological profiles for each COPC are provided in the following paragraphs. 11 

Antimony belongs to the same periodic group as arsenic. This element is absorbed slowly through 12 

the gastrointestinal tract, which is the target of this element. Another target is the blood, where 13 

antimony concentrates. The primary exposure route for antimony to the general population is 14 

ingestion. Antimony is also a common air pollutant from industrial emissions. USEPA has not 15 

classified antimony as a carcinogen, and the oral RID is 0.0004 mg/kg-day (Klaassen, et aI., 16 

1986). The oral RID is based on a LOAEL of 0.35 mg/kg-day, an uncertainty factor of 1000, and 17 

a modifying factor of 1 (IRIS). 18 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 19 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 20 

cardiovascular effects (Klaassen, et aI., 1986). USEPA set 0.3 Jig/kg-day as the RID for arsenic 21 

based on a NOAEL of 0.8 Jig/kg-day in a human exposure study. Arsenic's effects on the nervous 22 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 23 

10.7.112 



'!
ab

le
 1

0.
7.

22
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

In
ci

de
nt

al
 I

ng
es

ti
on

 o
f 

S
ur

fa
ce

 S
oi

l 
A

O
C

 6
37

 
N

A
 Y

B
A

SE
 -

C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

C
he

m
ic

al
 

(n
or

ga
ni

cs
 

A
rs

en
ic

 
T

ha
ll

iu
m

 

S
em

iv
ol

at
il

e 
O

rg
an

ic
s 

B
en

zo
(a

)p
yr

en
e 

eq
ui

va
le

nt
 

P
ro

pe
ll

an
ts

 
H

yd
ra

zm
e 

N
O

T
E

S
: 

F
ra

ct
io

n 
In

ge
st

ed
 f

ro
m

 
C

on
ta

m
in

at
ed

 
S

ou
rc

e 
* 

E
xp

os
ur

e 
Po

in
t 

C
on

ce
nt

ra
ti

on
 

(m
gl

kg
) 

19
 

1.
06

 

1.
50

7 

0.
21

3 

F
ut

ur
e 

F
ut

ur
e 

F
ut

ur
e 

F
ut

ur
e 

S
it

e 
R

es
id

en
t a

du
lt

 R
es

id
en

t 
ch

il
d 

R
es

id
en

t 
lw

a 
W

o
rk

er
 a

du
lt

 
H

-C
D

I 
H

-C
D

I 
C

-C
D

I 
H

-C
D

I 
(m

gl
kg

-d
ay

) 
(m

gl
kg

-d
ay

) 
(m

gl
kg

-d
ay

) 
(m

gl
kg

-d
ay

) 

2.
60

E
-0

5 
2.

43
E

-0
4 

2.
97

E
-0

5 
9.

30
E

-0
6 

1.
45

E
-0

6 
1.

36
E

-0
5 

1.
66

E
-0

6 
5.

 I 
9E

-0
7 

2.
06

E
-0

6 
1.

93
E

-0
5 

2.
36

E
-0

6 
7.

37
E

-0
7 

2.
92

E
-0

7 
2.

72
E

-0
6 

3.
33

E
-0

7 
1.

04
E

-0
7 

lw
a 

L
if

et
im

e 
w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 c

ar
ci

no
ge

ni
c 

C
D

I,
 R

A
G

S
 P

ar
ts

 A
 a

nd
 B

 
C

O
l 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

e 
in

 m
gl

kg
-d

ay
 

H
-C

D
I 

C
O

l 
fo

r 
ha

za
rd

 q
uo

ti
en

t 
C

-C
D

I 
C

O
l 

fo
r 

ex
ce

ss
 c

an
ce

r 
ri

sk
 

* 
R

ef
le

ct
s 

th
e 

es
ti

m
at

ed
 f

ra
ct

io
n 

o
f t

he
 s

it
e 

im
pa

ct
ed

 b
y

 t
he

 c
or

re
sp

on
di

ng
 C

O
P

C
. 

F
ut

ur
e 

S
it

e 
W

or
ke

r 
ad

ul
t 

C
-C

D
I 

(m
gl

kg
-d

ay
) 

3.
32

E
-0

6 
1.

85
E

-0
7 

2.
63

E
-0

7 

3.
72

E
-0

8 



T
ab

le
 1

0.
7.

23
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

D
en

na
l 

C
on

ta
ct

 w
ith

 S
ur

fa
ce

 S
oi

l 
A

O
C

 6
37

 
N

A
 V

B
A

SE
 ~

 C
ha

rl
es

to
n,

 Z
on

e 
G

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

E
xp

os
ur

e 
Po

in
t 

C
on

ce
nt

ra
tio

n 
C

he
m

ic
al

 
(m

gl
kg

) 

In
or

ga
n

ic
s 

A
rs

en
ic

 
19

 
T

ha
lli

um
 

1.
06

 

Se
m

iv
ol

at
il

e 
O

rg
an

ic
s 

B
en

zo
(a

)p
yr

en
e 

E
qu

iv
al

en
t 

1.
50

7 

P
ro

p
el

la
n

ts
 

H
yd

ra
zi

ne
 

0.
21

3 

N
O

T
E

S:
 

Fr
ac

tio
n 

D
en

na
l 

C
on

ta
ct

ed
 f

ro
m

 
A

bs
or

pt
io

n 
C

on
ta

m
in

at
ed

 
Fa

ct
or

 
S

ou
rc

e·
 

(u
ni

tle
ss

) 

0.
00

1 
0.

00
1 

om
 

om
 

C
O

l 
C

hr
on

ic
 D

ai
ly

 I
nt

ak
e 

in
 m

gl
k

g-
d

ay
 

H
-C

D
I 

C
O

l 
fo

r 
ha

za
rd

 q
uo

tie
nt

 
C

-C
D

I 
C

O
l f

or
 e

xc
es

s 
ca

nc
er

 r
isk

 

Fu
tu

re
 

Fu
tu

re
 

Fu
tu

re
 

R
es

id
en

t 
ad

ul
t 

R
es

id
en

t 
ch

ild
 R

es
id

en
t 

lw
a 

H
-C

D
! 

H
-C

D
! 

C
-C

D
! 

(m
gl

kg
-d

ay
) 

(m
g/

kg
-d

ay
) 

(m
gl

kg
-d

ay
) 

1.
07

E
-0

6 
3.

52
E

-0
6 

6.
6S

E
-0

7 
5.

95
E-

O
S 

1.
97

E
-0

7 
3.

73
E

-O
S 

S.
46

E
-0

7 
2.

79
E

-0
6 

5.
30

E
-0

7 

1.
20

E
-0

7 
39

5E
-0

7 
7.

49
E

-O
S 

T
he

 d
en

na
l 

ab
so

rp
tio

n 
fa

ct
or

 w
as

 a
pp

lie
d 

to
 t

he
 e

xp
os

ur
e 

po
in

t 
co

nc
en

tr
at

io
n 

to
 r

ef
le

ct
 th

e 
di

ff
er

en
t t

ra
ns

-d
en

na
l m

ig
ra

tio
n 

o
f i

no
rg

an
ic

 v
er

su
s 

or
ga

ni
c 

ch
em

ic
al

s 
* 

R
ef

le
ct

s 
th

e 
es

tim
at

ed
 f

ra
ct

io
n 

o
f t

he
 s

ite
 i

m
pa

ct
ed

 b
y 

th
e 

co
rr

es
po

nd
in

g 
C

O
pe

. 

Fu
tu

re
 S

ite
 

Fu
tu

er
 S

ite
 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
-C

D
! 

C
-C

D
! 

(m
gl

kg
-d

ay
) 

(m
gl

kg
-d

ay
) 

7.
62

E
-0

7 
2.

72
E

-0
7 

4.
25

E
-O

S 
1.

52
E-

O
S 

6.
05

E
-0

7 
2.

16
E

-0
7 

S.
55

E-
O

S 
3.

05
E-

O
S 



Table 10.7.24 
Chrome Daily Intakes 
Ingestion of copes in Groundwater 
AOC 637 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Exposure Future Future Future 

Point Resident adult Resident child Resident lwa 
Concentration H-CD! H-CD! C-CD! 

Chemical (mglliter) (mglkg-day) (mglkg-day) (mglkg-day) 

Inorganics 
Antimony (Sb) 0.0087 2.38E-04 5.56E-04 1.31E-04 
Barium (Ba) 6 1.64E-01 3.84E-Ol 9.04E-02 
Chromium (Cr) 0.0336 9.2IE-04 2.15E-03 5.06E-04 
Lead (Pb) 0.0441 1.21E-03 2.82E-03 6.65E-04 
Thallium (Tl) 0.0055 1.51E-04 3.S2E-04 8.29E-OS 

Semivolatile Organics 
1.4-Dichlorobenzene 0.002 5.48E-05 l.28E-04 3.01E-OS 
2-Methylphenol 0.025 6.85E-04 1.60E-03 3.77E-04 
4-Methylphenol 0.05 l.37E-03 3.20E-03 7.53E-04 
Naphthalene 0.24 6.58E-03 l.53E-02 3.62E-03 

Volatile Organics 
Benzene 0.055 1.51E-03 3.52E-03 8.29E-04 
Chlorobenzene 0.038 I.D4E-03 2.43E-03 5.73E-04 
Ethylbenzene 0.44 1.21E-02 2.81E-02 6.63E-03 
Toluene 0.092 2 S2E-03 5.88E-03 l.39E-03 
Xylene (total) 6.3 1.73E-01 4.03E-Ol 9.49E-02 

Propellants/Expiosives 
HydraziDe 0.00765 2.10E-04 4.89E-04 1.15E-04 
Tetryl 0.038 1.04E-03 2.43E-03 5.73E-04 

NOTES: 
lwa Lifetime weighted average 

CD! Chronic Daily Intake 
H-CDI Noncarcinogenic hazard based Chronic Daily Intake 
C-CDI Carcinogenic risk based Chronic Daily Intake 

Future Site Future Site 
Worker adult Worker adult 

H-CD! C-CD! 
(mglkg-day) (mglkg-day) 

8.51E-05 3.04E-05 
5.87E-02 2.lDE-02 
3.29E-04 I.17E-04 
4.32E-04 1.54E-04 
S.38E-05 I.92E-OS 

1.96E-05 6.99E-06 
2.4SE-04 8.74E-05 
4.89E-04 1.7SE-04 
2.35E-03 8.39E-04 

5.38E-04 1 92E-04 
3.72E-04 l.33E-04 
4.31E-03 I.S4E-03 
9.00E-04 3.21E-04 
6.16E-02 2.20E-02 

7.49E-OS 267E-05 
3.72E-04 l.33E-04 
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Section 10 - Site-Specific Evaluations 
Revision: 0 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 2 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which set the 1.5 (mg/kg-day)"1 SF. As listed in IRIS the basis for the classification 4 

is sufficient evidence from human data. An increased lung cancer mortality was observed in 5 

multiple human populations exposed primarily through inhalation. Also, increased mortality from 6 

multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of 7 

skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 8 

Human milk contains about 3 .ug/L arsenic. As listed in IRIS the critical effect of this chemical 9 

is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 10 

determined to be 3 and the modifying factor was determined to be 1. 11 

Barium is used in various alloys, paints, soap, and manufacture processes. Barium sulfate is used 12 

to aid x-ray diagnosis. This element is relatively abundant in nature and is found in plant and 13 

animal tissue. Brazil nuts contain 3 to 4 mg per gram of nuts. The fatal absorbed dose of barium 14 

is approximately 1000 mg (for humans). Assuming an absorption efficiency of five percent for 15 

barium, 20,000 mg ingested barium could be fatal. Major toxic effects of this element are muscle 16 

stimulation, central nervous system effects, and effects on the heart. The m~or critical effect is 17 

increased blood pressure. USEPA determined the oral RID and inhalation RID to be 0.07 and 18 

1.43E-04 mg/kg-day, respectively (Dreisbach, et aI., 1987) (Klaassen, et aI., 1986), based on a 19 

medium confidence level. The oral uncertainty factor for barium is 3 and the oral modifying factor 20 

is 1. Barium has been issued a carcinogenic weight-of-evidence classification of "D". 21 

Benzene is a VOC which has been associated with leukemia. This chemical has been used as a 22 

solvent in coal tar, naphtha, rubber, and plastic cement. USEPA lists benzene as a group A 23 

carcinogen. In large doses, benzene depresses the CNS, and chronic exposure depresses bone 24 

marrow. The oral SF for benzene was set by USEPA as 2.9E-02 (mg/kg-day)l; the oral RID has 25 

10.7.117 
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been set at 3. OE-03. Occupational inhalation exposure to benzene is acceptable by the 

Occupational Safety and Health Administration (OSHA) at concentrations of 3.25 milligrams per 2 

cubic meter (mg/m3) or 1 ppm in air (Dreisbach et aI., 1987; NIOSH, 1990). 3 

BEQs include the following list of PAHs: 4 

Benzo( a )anthracene TEF 0.1 5 

Benzo(b )fluoranthene TEF 0.1 6 

Dibenz(a,h)anthracene TEF 1.0 7 

Benzo(k)fluoranthene TEF 0.01 8 

Benzo(a)pyrene TEF 1.0 9 

Indeno(l,2,3-cd)pyrene TEF 0.1 10 

Chrysene TEF 0.001 [[ 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs [2 

above have not been well established. There are no RIDs for the PAHs above due to a lack of 13 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 14 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kg-day,[. TEFs, also 15 

set by USEPA, are multipliers that are applied to the detected concentrations, which are 16 

subsequently used to calculate excess cancer risk. These multipliers are discussed further in the 17 

exposure and toxicity assessment sections. Most carcinogenic P AHs have been classified as such 18 

due to ap ... hnal str...ldies using large doses of purified PARs. There is some doubt as to t.he validity 19 

of these listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs 20 

are carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal 21 

tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the benzo(a)pyrene 22 

B2 classification is human data specifically linking benzo(a)pyrene to a carcinogenic effect are 23 

lacking. There are, however, multiple animal studies in many species demonstrating 24 

benzo(a)pyrene to be carcinogenic by numerous routes. 25 
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Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified. This 2 

section provides information on three aspects of the carcinogenic risk assessment for the agent in 3 

question. The USEPA classification and quantitative estimates of exposure reflect a weight-of- 4 

evidence judgment of the likelihood that the agent is a human carcinogen. The quantitative risk 5 

estimates are presented in application of a low-dose extrapolation procedure and presented as the 6 

risk per (mg/kg-day). The unit risk is the quantitative estimate in terms of either risk per /Lg/L 7 

drinking water or risk per /Lg/m3 air breathed. The third form in which risk is presented is 8 

drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The 9 

Carcinogenicity Background Document provides details on the carcinogenicity values found in 10 

IRIS. Users are referred to the Oral Reference Dose and Reference Concentration sections for \I 

information on long-term toxic effects other than carcinogenicity. 12 

The basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is listed in 13 

IRIS, as no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene produced 14 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin 15 

painting. The basis for the benzo(a)anthracene B2 classification is listed in IRIS, as no human data 16 

and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice exposed 17 

by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical application. 18 

Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and transformed 19 

mam~alian cells in culture. The basis for the benzo(k)fluoranthene B2 classification is listed in 20 

IRIS, as no human data and sufficient data from animal bioassays. Benzo(k)fluoranthene produced 21 

tumors after lung implantation in mice and when administered with a promoting agent in skin- 22 

painting studies. Equivocal results have been found in a lung adenoma assay in mice. 23 

Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et aI., 1986). 24 
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Beryllium exposure via inhalation route can inflame the lungs, a condition known as acute 

beryllium disease, as a result of short-term exposure to high concentrations. Removal from 2 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 3 

or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 4 

symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 5 

noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal, 6 

depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble 7 

beryllium compounds come nto contact with the skin of sensitized individuals (Gradient, 1991). 8 

An oral RID of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral bioassay (rats 9 

were the study species) which determined an NOAEL of 0.54 mg/kg-day. Beryllium has been 10 

classified by USEPA as a group B2 carcinogen based on animal studies. Human epidemiology [[ 

studies of beryllium are inadequate. As listed in IRIS, classification is based on beryllium being [2 

shown to induce lung cancer via inhalation in rats and monkeys and to induce osteosarcomas in [3 

rabbits via intravenous or intrameduiiary injection. An inhaiation SF of 8.4 (mgikg-day!! and an [4 

oral SF of 4.3 (mg/kg-day)'[ have been set by USEPA. As listed in IRIS, the critical effect of this [5 

chemical is no adverse effect. The uncertainty factor was 100 and the modifying factor was 1. [6 

The IRIS RID in drinking water is 0.005 mg/kg-day. [7 

Chlorobenzene is a volatile organic that has been shown to cause histopathologic changes in the [8 

liver when ingested. Chlorobenzene has also been shown to cause irritation to the mucous [9 

membrane, skin, cornea, and lungs; it has also been shown to cause kidney damage and central 20 

nervous system effects. USEPA set the oral RID and inhalation RID to 0.02 and 0.00571 2[ 

mg/kg-day, respectively, with an uncertainty factor of 1,000 (Dreisbach et aI., 1987). 22 

Chlorobenzene has been classified as group "D" by USEPA's weight-of-evidence classification 23 

(IRIS). 24 

10.7.120 



Zone G RCRA Facility Investigation Repon 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluarions 
Revision: 0 

Chromium exists in two stable, natural forms: trivalent (CrIll) and hexavalent (CrVI). Acute 

exposure to chromium can result in kidney damage following oral exposure or damage to the nasal 2 

mucosa and septum following inhalation exposure. Chronic inhalation exposure to hexavalent 3 

chromium has resulted in kidney and respiratory tract damage, as well as excess lung cancer in 4 

both animals and humans following occupational exposure. Only CrVI is believed to be 5 

carcinogenic by inhalation (IRIS). Oral RID values for Crill and CrVI are 1.0 and 5E-3 (mg/kg- 6 

day), respectively. For CrIll, the RID is based on liver toxicity in the rat. For the hexavalent 7 

form, the RID is based on unspecified pathological changes observed in rat studies. In addition, 8 

CrVI is considered a group A carcinogen for inhalation exposures, and an inhalation SF of 9 

42 (mg/kg-dayyl has been established for the hexavalent form. Vitamin supplements contain 10 

approximately 0.025 mg of chromium. As listed in IRIS, no critical effects were observed for II 

CrIll. The' uncertainty factor for CrIll was 100 and the modifying factor was 10. As listed in 12 

IRIS, no critical effects were observed for CRVI. The uncertainty factor for CrVI was 500 and 13 

the modifying factor was 1. 14 

1,4-Dichlorobenzene is a CLP SVOC; however, it was evaluated for the inhalation pathway as 15 

a volatile due to its Henry's Law Constant. This compound affects the CNS, causes liver and 16 

kidney damage, and irritation of the mucous membranes, skin, and eyes (Dreisbach, et aI., 1987). 17 

This compound is classified by USEPA as a B2 carcinogen, with an oral SF of 18 

0.024 (mg/kg-dayyl. The inhalation RID was set to 0.229 mg/kg-day. The critical effect of this 19 

chemical is listed in IRIS as increased liver weights in PI males. The inhalation uncertainty factor 20 

was determined to be 100 and the modifying factor was determined to be 1. The IRIS RfC is 21 

0.8 mg/m3
• 22 

Ethylbenzene is a colorless liquid that smells like gasoline. Acute inhalation exposure of humans 23 

to ethylbenzene irritates the eyes and lungs (Angerer and Wulf, 1985; Thienes and Haley, 1972). 24 

In addition, neurological effects such as dizziness have been reported in humans following acute 25 
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inhalation exposure to this chemical. Similarly, respiratory and neurological effects have been 

observed in animals exposed to ethylbenzene via inhalation. No adverse health effects have been 2 

reported from a long-term (20 years) study of 200 workers occupationally exposed to ethylbenzene 3 

(Bardodej and Cirek, 1988). Laboratory tests on rats via oral exposure indicated a significant 4 

increase in total malignant tumors in females and combined male and female groups over two 5 

years (Maltoni et aI., 1985). USEPA ranked ethylbenzene as unclassifiable with regard to human 6 

carcinogenicity, Group D (IRIS). Ethylbenzene has been issued an oral RID of lE-OI mg/kg-day 7 

and an inhalation RID of2.86E-01 mg/kg-day by USEPA (IRIS). 8 

Hydrazine is a reducing agent used in nuclear fuel reprocessing, polymerization catalysis, 9 

corrosion inhibition in boiler feedwater & reactor cooling water, wastewater treatment, electrolytic 10 

plating of metals on glass & plastics, and rocket propellants. Toxic effects of hydrazine include II 

conjunctivitis, pulmonary edema, anemia (hemolytic), ataxia, convulsions, kidney toxicity, and 12 

liver toxicity. USEPA has given hydrazine a B2, probable human carcinogen, rating based on 13 

inadequate human data and the induction of tumors in mice, rats and hamsters following oral, 14 

inhalation or intraperitoneal administration of hydrazine and hydrazine sulfate. An oral slope 15 

factor of 3 (mg/kg-dayyl and an inhalation slope factor of 17.1 (mg/kg-day)-l have been set by 16 

USEPA. 17 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RID or 18 

SF has been set by USEP A. However, an action level of 400 mg/kg for soil protective of child 19 

residents has been proposed by USEPA Region IV. USEPA's Office of Water has established 20 

a treatment technique action level of 15 Jlg/L. As listed in IRIS, the classification is based on 21 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 22 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 23 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple rat 24 

strains with some evidence of multiple tumor sites. Short -term studies show that lead affects gene 25 
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expression. Human evidence is inadequate. An RID and SF have not been set because of the 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 2 

observed in the CNS, blood, and mental development of children. RIDs are based on the 3 

assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity). 4 

Once lead accumulates in the body, other influences cause the actual levels in the blood to 5 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 6 

exposed individual has previously been exposed to lead, this individual could lose weight and set 7 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 8 

reasons lead effects are difficult to predict (Klaassen et aI., 1986). 9 

2-Methylphenol is one of three isomers of methyl phenol. Methyl phenol is also known as cresol, 10 

hydroxy toluene , or cresylic acid. The common name for 2-methylphenol is ortho-cresol II 

(o-cresol). Effects associated with acute exposure to cresols in humans include irritation and 12 

burning of skin, eyes, moull, and throat, abdominal pain and vomiting, hemolytic anemia, kidney 13 

damage, facial paralysis, coma, and death. Exposure levels associated with human deaths have 14 

not been reliably reported, however, crude estimates based on accidental or intentional ingestion 15 

of cresol, the lethal oral exposure level for humans appeared to be at or above 2 g/kg (Chan et aI., 16 

1971). Autopsies of people who died following cresol exposure revealed gross lesions in the 17 

lungs, pancreas, liver, and kidneys, although these data cannot be considered reliable indicators 18 

of target organ effects. Studies in animals have shown that cresols can be lethal when exposure 19 

is through the inhalation, oral, or dermal routes. 2-Methylphenol is classified "c" in USEPA's 20 

weight of evidence. An oral RID of 5.0E-02 mg/kg-day has been issued for 2-methylphenol 21 

(IRIS). The oral uncertainty factor for 2-methylphenol is 1000. 22 

4-Methylphenol is also known as p-cresol. Effects associated with acute exposure to cresols in 23 

humans include irritation and burning of skin, eyes, mouth, and throat, abdominal pain and 24 

vomiting, hemolytic anemia, kidney damage, facial paralysis, coma, and death. Exposure levels 25 
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associated with human deaths have not been reliably reported, however, crude estimates based on 

accidental or intentional ingestion of cresol, the lethal oral exposure level for humans appeared 2 

to be at or above 2 g/kg (Chan et aI., 1971). Autopsies of people who died following cresol 

exposure revealed gross lesions in the lungs, pancreas, liver, and kidneys, although these data 4 

cannot be considered reliable indicators of target organ effects. Studies in animals have shown 5 

that cresols can be lethal when exposure is through the inhalation, oral, or dermal routes. 6 

4-Methylphenol is classified "C" in USEPA's weight of evidence. An oral RID of 5.0E-03 mg/kg- 7 

day has been issued for 4-methylphenol (HEAST, 1996). 8 

Naphthalene causes hemolysis with subsequent blocking of renal tubules by precipitated 9 

hemoglobin. Hepatic necrosis has been reported. Hemolysis only occurs in individuals with a 10 

hereditary deficiency of glucose-6-phosphate dehydrogenase in the red cells (primarily black II 

males), which results in a low level of reduced glutathione and increased susceptibility to 12 

heluolysis by metabolites of napht.'lalene. The fatal dose of in.gested naphthalene is approxhTilltely 13 

2 grams. These chemicals are most dangerous in children up to age 6, in whom absorption occurs 14 

rapidly. The exposure limit for naphthalene is 10 ppm (Dreisbach et aI., 1987). The oral RID 15 

for naphthalene is 4E-02 mg/kg-day (USEPA ,1996). 16 

Trinitrophenylmethylnitramine or tetryl is used as an explosive in detonators and primers, as an 17 

intermediary detonating agent for other less sensitive, high explosives, and as a booster charge for 18 

military devices. HEAST list a chronic oral RID of 0.01 calculated using as uncertainty factor of 19 

10,000. The target organs listed in HEAST are the liver, kidney and spleen. 20 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 21 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 22 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 23 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 24 
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USEPA's oral RID for thallium is 0.00008 mg/kg-day (Klaassen, et aI., 1986; Dreisbach, et aI., 

1987). 2 

Toluene is a gasoline additive, a solvent in glues, inks, adhesives, and is also used as a detergent 3 

in the manufacture of dyes, lacquers, perfumes, pharmaceuticals, and saccharin. In humans, 4 

toluene is a known respiratory irritant with central nervous system effects, and the effects can be 5 

enhanced by the ingestion of ethyl alcohol. Toluene has not been determined to be a carcinogen 6 

by USEPA, having a USEPA Classification ofD. As listed in IRIS, the basis for the classification 7 

is no human data and inadequate animal data. Toluene did not produce positive results in the 8 

majority of genotoxic assays. The critical effect of this volatile organic chemical is changes in 9 

liver and kidney weights in study organisms. USEPA determined the RfC and oral RID to be 10 

0.114 mg/kg-day and 0.2 mg/kg-day, respectively. As listed in IRIS, the oral RFD critical effect 11 

of this chemical is changes in liver and kidney weights. The uncertainty factor was determined 12 

to be 1000 and the modifjing factor was determined to be 1. The inhalation RFD critical effect 13 

of this chemical is neurological effects. The inhalation uncertainty factor was determined to be 14 

300 and the modifying factor was determined to be 1 (Harte, et ai., 1991) (IRIS). 15 

Xylene is primarily a man-made chemical, which is a colorless liquid with a sweet odor. Chemical 16 

industries produce xylene from petroleum and to a lesser extent from coal. Xylene also occurs 17 

naturally in petroleum coal tar, and is naturally formed during forest fires. Acute exposure data 18 

in humans and/or animals indicate that the CNS and possibly the developing fetus are the major 19 

targets of acute xylene toxicity by the inhalation and oral routes. Death has been observed to 20 

occur as a result of exposure by inhalation, oral and dermal exposure (Gosselin et ai., 1984; Abu 21 

al Raghep et aI., 1986; Bernardelli and Gennari, 1987). Acute studies have demonstrated that 22 

xylene is an irritant to the skin and eyes. Xylene inhalation has also been shown to irritate the 23 

respiratory tract and cause dyspnea. The central nervous system and the liver appear to be the 24 
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primary targets of chronic xylene exposure. USEPA has classified mixed xylene as a Group D 

agent (IRIS). Xylene (mixed) has been issued an oral RID of 2 mg/kg-day (IRIS). 

10.7.S.S Risk Characterization 

2 

3 

Surface Soil Pathways 4 

Exposure to surface soil onsite was evaluated under both residential and site worker scenarios. 5 

For these scenarios, the incidental ingestion and dermal contact exposure pathways were 6 

evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 7 

computed separately to address child and adult exposure. Tables 10.7.26 and 10.7.27 present the 8 

computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 9 

contact with site surface soils, respectively. 10 

Hypothetical Site Residents 11 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 637 surface 12 

soils is 6E-OS. The dermal pathway ILCR is IE-OS. Arsenic and BEQs were the primary 13 

contributors to the ingestion and dermal pathways. Though the adolescent trespasser was not 14 

quantitatively addressed for this site, the following semiquantitative analysis was performed using 15 

the results of the residential risk analysis. Exposure frequency and duration under the residential 16 

scenario are 3S0 days/year and 30 years, respectively, compared to S2 day/year and 7 years for 17 

the adolescent trespasser. Substituting the trespasser exposure frequency and duration into the 18 

CDI equation would result in a risk estimate approximately 98 % below the residential risk 19 

estimate. Assuming that the pavement is removed from the site, the cumulative soil pathway (both 20 

ingestion and dermal) risk for the adolescent trespasser was estimated to be approximately 3E-06. 21 
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Table 10.7.26 
Hazard Quotient; lliid Incremental Lifetime Ca..'1cer Risks 
Incidental Surface Soil Ingestion 
AOC 637 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Oral RID Oral SF Future Future Future Future Site 

Chemical 

[norganics 
Arsenic 
Thallium 

Semivolatile Organics 
Benzo(a)pyrene equivalent 

Propellants 
Hydrazine 

! SUM Hazard IndexlILCR 

NOTES: 
NA 
ND 

Used Used Resident adult Resident child Resident twa Worker adult 
(mglkg-day) (mglkg-day)-I Hazard Quotient Hazard Quotient ILCR Hazard Quotient 

0.0003 1.5 0.OS7 O.SI 4.5E-05 0.03 I 
SE-05 NA O.QIS 0.17 ND 0.0065 

NA 7.3 ND ND I. 7E-05 ND 

NA 3 ND ND 1.0E-06 ND 

0.1 6E-05 0.04 

Not available 
Not Determined due to lack of available infonnation 

Future Site 
Worker adult 

ILCR 

5.0E-06 
ND 

1.9E-06 

I.IE-07 

7E-06! 

twa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 
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The computed hazard indices for the adult resident were 0.1 for the soil ingestion pathway and 

0.02 for the dermal contact pathway. The computed hazard indices for the child ingestion and 2 

dermal contact pathways were 1 and 0.07, respectively. Arsenic was the primary contributor to 3 

HI projections for the ingestion and dermal pathways. Thallium was a secondary contributor to 4 

the ingestion pathway. The semiquantitative analysis for adolescent trespasser hazard index is 5 

similar to the risk estimate detailed the paragraph above. Exposure frequency and duration for 6 

the child resident are 350 days/year and 6 years, respectively, compared to 52 days/year and 7 

7 years for the trespasser. Substituting the trespasser exposure frequency and duration into the 8 

CDI equation would result in a hazard estimate approximately 83 % below the residential hazard 9 

estimate. Assuming that the pavement is removed from the site, the cumulative soil pathway (both !O 

ingestion and dermal) hazard for the adolescent trespasser was estimated to be approximately 0.2. 11 

Hypothetical Site Workers 12 

Site worker ILCRs are 7E~06 and 5E~06 for the ingestion and dermal contact paL~.\'vays, 13 

respectively. Arsenic and BEQs were the primary contributors for each pathway. 14 

Groundwater Pathways 15 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 16 

results of the first-quarter sampling event. The ingestion exposure pathway was evaluated 17 

assuming the site groundwater will be used for potable and/or domestic purposes and that an 18 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 19 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 20 

separately for child and adult receptors. Tables 10.7.28 and 10.7.29 presents the risk and hazard 21 

for the ingestion and inhalation pathways, respectively. 22 
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The ingestion ILCR for AOC 637 shallow groundwater (based on the adult and child lifetime 2 

weighted average) is 4E-04, with hydrazine is the primary contributor and benzene was a 3 

secondary contributor to ILCR projections. The HIs for the adult and child resident are 6 and 15, 4 

respectively. Antimony, barium, benzene, and thallium were the primary contributors to ingestion 5 

HI. Chromium, chlorobenzene, 4-methylphenol, naphthalene, tetryl, and xylene were secondary 6 

contributors. The inhalation ILCR for AOC 637 shallow groundwater is 2E-05, with benzene as 7 

the sole contributor to ILCR projections for the inhalation pathway. The HIs for the adult and 8 

child resident are 1 and 3, respectively. Benzene was the primary contributor and chlorobenzene 9 

was a secondary contributor to inhalation HI projections. 10 

Hypothetical Site Workers II 

The site worker ingestion ILCR for AOC 637 shallow groundwater is 9E-05, with hydrazine as 12 

the primary contributor and benzene as a secondary contributor to ILCR projections. The site 13 

worker ingestion HI is 2. Antimony, barium, benzene, 4-methylphenol, and thallium were the 14 

primary contributors to ingestion HI. The inhalation ILCR for AOC 637 shallow groundwater is 15 

6E-06, with benzene as the sole contributor. The site worker inhalation HI is 0.4. 16 

Current Site Workers 17 

Shallow groundwater is not currently used as a potable water source for AOC 637 or other areas 18 

of Zone G. In the absence of a completed exposure pathway, no threat to human health is posed 19 

by reported shallow groundwater contamination. 20 

Lead Toxicity 21 

Background 22 

Currently, USEPA has not established an oral SF or reference dose for lead. USEPA believes that 23 

the available studies in animals and humans do not provide sufficient quantitative information for 24 
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their calculation. Although lead is currently classified as a B2 carcinogen, USEP A considers the 

noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 2 

establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic low- 3 

level lead exposure in children may occur at blood levels as low as 10 !lg/dL. 4 

In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment sanctions 5 

the use of the Lead Uptake/Biokinetics Model (Version 0.99d) (Lead Model) to predict mean 6 

blood lead levels in children based on exposure to impacted environmental media. The model was 7 

used to assess the potential health effects of elevated lead levels reported in groundwater at 8 

Aoe 637. 9 

Future Residential Scenario 10 

The Lead Model default concentrations are used for exposure to air (0.1 Pb grams per cubic meter 11 

[g/m3]) and maternal blood lead level (2.5 Pb per !lg/dL). The maximum reported soil 12 

concentration (98 mg/kg) did not exceed the 400 mg/kg cleanup level established for lead. As a 13 

conservative measure, the maximum surface soil lead concentration was used as the input for soil 14 

and house dust. The maximum groundwater concentration of lead (44.1 !lg/L) was used as the 15 

input for drinking water. The Lead Model was run for a child ages 0-7 years using the inputs listed 16 

above. Table 10.7.30 summarizes the Lead Model results under these exposure conditions. 17 

Figure 10.7-44 shows the probability percentage of blood lead levels for a child 0 to 7 years old. 18 

Based on this model output using the maximum soil lead concentration and the maximum 19 

first-quarter groundwater concentration, the geometric mean blood concentrations is estimated to 20 

be 5.5 !lg/dL, and the probability of blood lead concentration exceeding 10 /-ig/dL is 9.36%. 21 

USEPA generally considers that media concentrations resulting in probability percentage estimates 22 

of 5 % or less sufficiently protect potential child receptors. As a result, groundwater lead would 23 

require corrective action under this hypothetical exposure scenario. 24 
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Table 10.7.30 
Lead Model Results - AOC 637 

Future Residential Scenario 
NA VBASE - Charleston, Zone G 

Charleston, South Carolina 

LEAD MODEL Version 0.99d 
AIR CONCENTRATION: 0.100 ug Pb/m3 DEFAULT 

Indoor AIR Pb Cone: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) 
0-1 1.0 
1-2 2.0 
2-3 3.0 
3-4 4.0 
4-5 4.0 
5-6 4.0 
6-7 4.0 

DIET: DEFAULT 

Vent. Rate (m3/day) 
2.0 
3.0 
5.0 
5.0 
5.0 
7.0 
7.0 

DRINKING WATER Cone: 44.10 ug Pb/L 
WATER Conswnption: DEFAULT 

SOIL & DUST: 
Soil: constant cone. 
Dust: constant cone. 

Age Soil (ug Pb/g) 
0-1 98.0 

House Dust (ug Pb/g) 
98.0 

1-2 98.0 98.0 
2-3 98.0 98.0 
3-4 98.0 98.0 
4-5 98.0 98.0 
5-6 98.0 98.0 
6-7 98.0 98.0 

Additional Dust Sources: None DEFAULT 

PAINT Intake: 0.00 ug Pb/day DEF AUL T 
MATERNAL CONTRIBUTION: Infant Model 

Maternal Blood Cone: 2.50 ug Pb/dL 

CALCULATED BLOOD Pb and Pb UPTAKES: 
Blood Level Total Uptake Soil + Dust Uptake 

YEAR (ug/dL) (ug/day) (ug/day) 
----------- ----------- ----.------

0.5-1: 4.7 8.77 2.26 
1-2: 6.3 15.60 3.46 
2-3: 6.1 16.56 3.50 
3-4: 5.9 16.91 3.56 
4-5: 5.5 16.56 2.68 
5-6: 5.2 17.20 2.43 
6-7: 5.0 17.66 2.31 

Lung Abs. (%) 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

Diet Uptake 
(ug/day) 
-----------

2.50 
2.52 
2.87 
2.80 
2.74 
2.91 
3.23 

10.7.134 

Water Uptake 
(ug/day) 

____ po_po_Po 

3.99 
9.60 
10.12 
10.49 
11.07 
11.76 
12.02 

Paint Uptake Air Uptake 
(ug/day) (ug/day) 

------------ ------------
0.00 0.02 
0.00 0.03 
0.00 0.06 
0.00 0.Q7 
0.00 0.07 
0.00 0.09 
0.00 0.09 
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COCs were identified based on cumulative (all pathway) risk and hazard projected for this site on 2 

a medium-specific basis. USEPA has established a generally acceptable risk range of lE-04 to 3 

lE-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 4 

considered to be any chemical contributing to a cumulative risk level of lE-06 or greater and/or 5 

a cumulative hazard index above 1.0, and whose individual ILCR exceeds IE-06 or whose hazard 6 

quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because a 7 

cumulative risk level of lE-04 (and individual ILCR of IE-06) is recommended by USEPA 8 

Region IV as the trigger for establishing COCs. The COC selection method presented was used 9 

to provide a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 10 

noncarcinogenic hazard during the RGO development process. Table 10.7.31 presents the COCs 11 

identified for AOC 637 surface soil and shallow groundwater. 12 

Surface Soils 13 

Future Site Residents 14 

Arsenic, BEQs, and hydrazine were identified as soil pathway COCs based on their contribution 15 

to cumulative ILCR projections. Arsenic, and thallium were identified as soil pathway COC based 16 

on their contribution to cumulative HI projections. 17 

Future Site Workers 18 

Arsenic and BEQs were identified as soil pathway COCs based on their contribution to cumulative 19 

ILCR projections. 20 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 21 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 22 

reported concentration for each COC. Arsenic was detected in all seven surface soil samples at 23 

concentration exceeding its RBC, however, it was only reported in one surface soil sample at a 24 
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Table 10.7.31 
Summary of Risk and Hazard-based cues 
AOC 637 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Future Future 
Exposure Resident Adult Resident Child 

Medium Pathway Hazard Quotient Hazard Quotient 
Surface Soil Incidental Inorganics 

Ingestion Arsenic 0.087 0.81 
Thallium 0.018 0.17 

Semivolatile Organics 
Benzo(a)pyrene equivalents ND ND 

Propellants 
Hydrazine ND ND 

Dennal Inorganics 
Contact Arsenic 0.Dl8 0.OS9 

Thallium 0.0037 0.012 
Semivolatile Organics 

8enzo(a)pyrene equivalents ND ND 
Propellants 

Hydrazine ND ND 

I Surface Soil Pathway Sum 0.1 I 
Groundwater Ingestion 
Pathways Inorganics 

Antimony (Sb) 0.60 1.4 
Barium (Ba) 2.3 S.5 
Chromium (Cr) 0.18 0.43 
Lead (Pb) ND ND 
Thallium (TI) 1.9 4.4 

Semivolatile Organics 
1,4-Dichlorobenzene ND ND 
2-Methylphenol 0.014 0.032 
4-Methylphenol 0.27 0.64 
Naphthalene 0.16 0.38 

Volatile Organics 
Benzene O.SO 1.2 
Chlorobenzene 0.OS2 0.12 
Ethylbenzene 0.12 0.28 
Toluene 0.013 0.03 
Xylene (total) 0.086 0.20 

PropelJantsJExplosives 
Hydrazine ND ND 
Tetryl 0.10 0.24 

Inhalation Semivolatiles Organics 
1,4-Dichlorobenzene 0.00024 0.000S6 

Volatile Organics 
Benzene 0.88 
Chlorobenzene 0.18 
Ethylbenzene 0.042 
Toluene 0.022 
Xylene (total) 0.086 

! Groundwater Pathway Sum 8 
I Sum of All Pathways 8 
Notes. 
ND Indicates not determined due to the lack of available risk information. 
NA Not applicable 
ILCR Indicates incremental excess lifetime cancer risk 
HI Indicates hazard index 
1- Chemical]s a CDC by virtue of projected child residence non-carcinogenic hazard. 
2- Chemical is a CDC by virtue of projected future resident lifetime ILCR. 
3- Chemical is a COC by virtue of projected site worker non-carcinogenic hazard. 
4- Chemical is a coe by virtue of projected site worker [LCR. 
'" - Lead was identified as a COC based on the results of the Lead Model. 

2.1 
0.43 
0.10 

0.OS2 
0.20 

18 
19 

Future 

Resident twa Future Site Worker Identification 
ILCR Hazard Quotient ILCR o[COCs 

4.SE-OS 0.031 S.OE-06 I 2 4 
ND 0.006S ND I 

1.7E-OS ND 1.9E-06 2 4 

1.0E-06 ND !.IE-07 2 

S.OE-06 0.013 2E-06 2 4 
ND 0.0027 ND 

7.7E-06 ND 3.2E-06 2 4 

4.5E-07 ND 1.8E-07 

8E-OS O.OS IE-OS 

ND 0.21 ND I 3 
ND 0.84 ND I 3 
ND 0.066 ND I 
ND ND ND • 
ND 0.67 ND I -' 

7.2E-07 ND I.7E-07 
ND 0.0049 ND 
ND 0.098 ND I 
ND 0.OS9 ND I 

2.4E-OS 0.18 S.6E-06 I 2 3 4 
ND 0.019 ND I 
ND 0.043 ND I 
ND O.OOS ND 
ND 0.031 ND I 

3.SE-04 ND 8.0E-OS 2 4 
ND 0.037 ND I 

ND 0.00008S ND 

24E-OS 031 S.6E-06 I 2 3 4 
ND 0.06S ND 1 
ND O.OIS ND 
ND 0.0079 ND 
ND 0.031 ND I 

4E-04 3 9E-OS 
SE-04 3 IE-04 
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concentration (19 mg/kg) slightly exceeding its background concentration (17.2 mg/kg). BEQs 

were detected above the residential RBC in four of seven surface soil samples collected for 2 

AOC 637. Hydrazine was detected in only one of five surface soil samples at a concentration 3 

exceeding its RBC. 4 

Future Site Residents 5 

Benzene and hydrazine were identified as the groundwater COCs for AOC 637, based on their 6 

contribution to ILCR projections. Antimony, barium, benzene, chlorobenzene, chromium, 7 

4-methylphenol, naphthalene, tetryl, thallium, and xylene were identified as COCs for AOC 637, 8 

based on their contributions to HI projections. Lead was identified as a COC based on Lead 9 

Model results. 10 

Future Site Workers 11 

Benzene and hydrazine were identified as the groundwater COCs for AOC 637, based on their 12 

contribution to ILCR projections. Antimony, barium, benzene, and thallium were identified as 13 

COCs for AOC 637, based on their contributions to HI projections. 14 

The extent of the COCs identified in groundwater is briefly discussed below. To facilitate this 15 

discussion of the extent of COC concentrations, tap water RBCs were compared to each reported 16 

concentration for each COC identified above. Antimony, barium, benzene, chlorobenzene, 17 

hydrazine, and thallium each exceeded their RBCs in two first-quarter groundwater samples. 18 

Chromium, 4-methylphenol, naphthalene, tetryl, toluene, and xylene exceeded their RBC in one 19 

first-quarter groundwater sample. 20 
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Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

2 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 4 

Region IV when assessing potential future and current exposure. The exposure assumptions made 5 

in the site worker scenario are highly protective and would tend to overestimate exposure. 6 

Residential use of the site would not be expected, based on current site uses and the nature of 7 

surrounding buildings. Current reuse plans call for continued commercial/industrial or 8 

recreational use of Zone G. If this area were to be used as a residential site, existing features 9 

would be demolished, and the surface soil conditions would likely change - the soils could be 10 

covered with landscaping soil and/or a house. Consequently, exposure to surface soil conditions II 

as represented by samples collected during the RFI would not be likely under a true future 12 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 13 

generaHy overestimate the risk and hazard posed to current site workers and future site residents. 14 

Groundwater is not currently used at AOC 637 for potable or industrial purposes. A base-wide 15 

system provides drinking and process water to buildings throughout Zone G. This system is 16 

planned to remain in operation under the current base reuse plan. As a result, use of shallow 17 

groundwater would not be expected under future site use scenarios. Therefore, the scenario 18 

established to project risk/hazard associated with shallow groundwater exposure is highly 19 

conservative, and associated pathways are not expected to be completed in the future. 20 

Determination of Exposure Point Concentrations 21 

The maximum detected soil constituent concentrations were used as the exposure point 22 

concentrations for this site for both soil and groundwater. Use of maximum detected 23 

concentrations represent conservative assumptions when applied as the EPC, such that it is 24 

unlikely that the maximum detected concentration underestimates the true mean concentration. 25 
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Groundwater risk/hazard was calculated using the maximum detected concentration of each COPC 

as an EPC. As with surface soil, it is unlikely that the maximum concentration detected in first- 2 

quarter groundwater samples underestimates the true mean concentration, and would generally 3 

overestimate risk and/or hazard. Since only three monitoring wells were installed, risk and/or 4 

hazard may be either underestimated or overestimated. 5 

Frequency of Detection and Spatial Distribution 6 

BEQs were detected in six of seven surface soil samples and four were reported with 7 

concentrations above RBCs. Background levels of BEQs at have been detected in soil samples 8 

throughout NAVBASE and many have been reported with concentrations exceeding RBCs. 9 

Additionally, all of the soil sample locations were situated underneath the former asphalt paved 10 

surface, which may help to explain the presence and source of this group of constituents. The 11 

maximum concentration of hydrazine marginally exceeded its RBC. The maximum concentrations 12 

of arsenic and thallium each marginally exceeded their background concentrations in a single 13 

sample which suggests a relation to ambient soil conditions. 14 

The maximum first-quarter concentrations of seven COCs [antimony (8.7 Ilg/L) , barium 15 

(6,000 Ilg/L), benzene (55 Ilg/L), chromium (33.6 Ilg/L) , chlorobenzene (38 Ilg/L), lead 16 

(44.1 Ilg/L) , xylene (6,300 Ilg/L)] were reported for the sample collected from monitoring 17 

well 637001. The second-quarter sample collected from monitoring well 637001 resulted in lower 18 

concentrations of antimony (nondetect), barium (2,840 Ilg/L), benzene (18 Ilg/L), chromium 19 

(13.2 Ilg/L) , lead (13 Ilg/L) , and xylene (1,500 Ilg/L) , and a higher concentration of 20 

chlorobenzene (56 Ilg/L). The maximum second-quarter concentrations of tetryl (38 Ilg/L) was 21 

reported in the second-quarter sample collected from monitoring well 637002. Tetryl was 22 

nondetect in the third-quarter sample collected from monitoring well 637002. The second-quarter 23 

maximum concentrations of four COCs [hydrazine (7.65 Ilg/L) , 4-methylphenol (50 Ilg/L) , 24 

naphthalene (240 Ilg/L), and thallium (5.5 Ilg/L)] were reported for the sample collected from 25 

10.7.140 



Zone G ReRA Facility investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

monitoring well 637003. The third-quarter sample collected from monitoring well 637003 

resulted in lower concentrations of 4-methylphenol (10 J.!g/L), naphthalene (190 ,ug/L), hydrazine 2 

(nondetect), and thallium (nondetect). 3 

Quantification of Risk/Hazard 4 

As indicated by the discussions above, the uncertainty and variability inherent in the risk 5 

assessment process is great. In addition, many site-specific factors have affected the uncertainty 6 

of this assessment that would upwardly bias the risk and hazard estimates. Exposure 7 

pathway-specific sources of uncertainty are discussed below. 8 

Soil 9 

A conservative screening process was used to identify COPCs for AOC 637. The potential for 10 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 11 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 12 

carcinogens, the RBCs are based on a conservative target risk of lE-06. Use of conservative 13 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 14 

of a significant contribution to risk/hazard based on eliminated CPSSs. Of the CPSSs screened 15 

and eliminated from formal assessment, none was reported at a concentration close to its RBC 16 

(e.g., within 10% of its RBC). 17 

Groundwater 18 

The same conservative screening process used for soil was also used for groundwater. Of the 19 

CPSSs screened and eliminated from formal assessment, none was reported at a concentration 20 

close to its RBC (e.g., within 10% of its RBC). 21 

Groundwater is not currently used as a potable water source at AOC 637, nor is it used at 22 

NA VBASE or in the surrounding area. Municipal water is readily available. As previously 23 
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mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 2 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 3 

preclude this aquifer from being an acceptable source of potable water. 4 

Background-related Risk 5 

Soil 6 

Aluminum, beryllium, and manganese were detected in AOC 637 surface soil above their 7 

respective RBCs and arsenic and manganese were detected in AOC 637 groundwater above their 8 

respective tap water RBCs. These elements were not considered in the risk assessment based on 9 

comparison to background concentrations. It is not unusual for naturally occurring or background 10 

concentrations of some elements to exceed RBCs. It is the risk assessment's function to identify 11 

excess risk and/or hazard, or that which is above background levels. The following is a discussion 12 

of the residential scenario risk/hazard associated with background concentrations of these 13 

elements. 14 

The beryllium background surface soil concentration (1.2 mg/kg) equates with an ILCR of 9E-06 15 

(based on the adult and child lifetime weighted average). The cumulative soil residential risk for 16 

AOC 637 is 7E-05. The background surface soil concentrations of aluminum (18,700 mg/kg), 17 

beryllium (1.2 mg/kg), and manganese (325 mg/kg) equate with an HI of 0.5 (based on the 18 

resident child). The cumulative soil resident child HI for AOC 637 is 1. The arsenic background 19 

shallow groundwater concentration (17.8 ,ug/L) equates with an ILCR of 4E-04 (based on the adult 20 

and child lifetime weighted average). The cumulative groundwater residential risk for AOC 637 21 

is 5E-04. The background shallow groundwater concentration of manganese (2,906 ,ug/L) equates 22 

with a an HI of 3. The cumulative groundwater resident child HI for AOC 637 is 18. 23 
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The risk and hazard posed by contaminants at AOe 637 were assessed for the future site worker 2 

and the future site resident under RME assumptions. In surface soils, the incidental ingestion and 3 

dermal contact pathways were assessed in this HHRA. The groundwater pathway was based on 4 

ingestion of shallow groundwater and inhalation of contaminants resulting from domestic and or 

process use of shallow groundwater as represented by the initial quarter groundwater data. 6 

Table 10.7.32 presents the risk summary for each soil pathway/receptor group evaluated for 7 

AOe 637. 8 

Soil - Residential Scenario 9 

Residential soil pathway eaes identified for AOe 637 include arsenic, BEQs, hydrazine, and 10 

thallium. Figures 10.7-45 and 10.7-46 illustrate point risk and hazard estimates, respectively, for \I 

AOe 637 surface soil pathways under a residential scenario. Table 10.7.33 summarizes the risk 12 

and hazard contribution of each cope at each sample location. This point risk map is based on 13 

the unlikely assumption that a potential future site resident will be chronically exposed to specific 14 

points. Exposure to surface soil conditions is more likely the result of uniform exposure to the 15 

soil conditions of the entire site (or exposure unit area) rather than specific points. Risk maps 16 

supplemented by the tables are useful to help visualize how chemicals driving risk estimates are 17 

spatially distributed across the site. 18 

Arsenic, BEQs, and hydrazine contributed to risk estimates above lE-06 at all seven surface soil 19 

sample locations. Arsenic and BEQs contributed 90% or greater of the risk estimate for each 20 

sample location. Risks estimates ranged from IE-OS (637SB004) to 6E-05 (637SB007). Hazard 21 

index estimates slightly exceeded unity at one surface soil sample location (637SB007). Hazard 22 

index estimates range from 0.2 (637SB004) to 1 (637SB007). 23 
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Table 10.7.32 
Summary of Risk and Hazard 
AOC 637 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Exposure 
Medium Pathway 
Surface Soil Incidental 

Ingestion 

Dennal Contact 

Groundwater Ingestion 

Inhalation 

Sum of All Pathways 

Notes: 

HI HI ILCR 
(Adult) (Child) (LWA) 

0.1 I 6E-05 

0.Q2 0.07 IE-OS 

6 15 4E-04 

I 3 2E-05 

8 19 5E-04 

ND Indicates not detennined due to the lack of available risk infonnation. 
ILCR Indicates incremental lifetime cancer risk 
In Indicates hazard index 

HI ILCR 
(Worker) (Worker) 

0.04 7E-06 

0.02 5E-06 

2 9E-05 

0.4 6E-06 

3 IE-04 
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Table 10 7 33 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC637 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

SIte Location Parameter Concentratton Units Hazard Index %HI Risk (E-06) % Risk 

637 001 Arsenic (As) 73 MG/KG 0.3337 100.00 19.0676 42.19 
637 001 B(a)P Equiv. 1507.2 UG/KG NA 24.9597 55.23 
637 001 Hydrazine 171 UG/KG NA 1 1638 258 
637 001 Thallium (Til NO MG/KG NA NA 

Total 0.3337 45.1911 

637 002 Arsenic (As) 6.9 MG/KG 0.3154 69.17 18.0228 94.07 
637 002 B(a)p Equiv. 15.59 UG/KG NA 0.2582 1.35 
637 002 Hydrazine 129 UG/KG NA 0.8779 4.58 
637 002 Thallium (Til 0.82 MG/KG 0.1406 3083 NA 

Total 0.4559 191589 

637 003 Arsenic (As) 6.8 MG/KG 0.3108 100.00 17.7616 52.71 
637 003 B(a)P Equiv. 874.6 UG/KG NA 14.4836 42.98 
637 003 Hydrazine 213 UG/KG NA 1.4496 4.30 
637 003 Thallium (Til NO MG/KG NA NA 

Total 03108 33.6949 

637 004 Arsenic (As) 4.2 MG/KG 0.1920 100.00 10.9704 93.07 
637 004 B(a)P Equiv. NO UG/KG NA NA 
637 004 Hydrazine 120 UG/KG NA 0.8167 6.93 
637 004 Thallium (TI) NO MG/KG NA NA 

Total 0.1920 11 7871 

637 005 ArseniC (As) 8.25 MG/KG 0.3771 100.00 21.5490 93.24 
637 005 B(a)P Equiv. 67.451 UG/KG NA 1.1170 483 
637 005 Hydrazine 655 UG/KG NA 04458 193 
637 005 Thallium (TI) NO MG/KG NA NA 

Total 0.3771 23.1118 

637 006 Arsenic (As) 6 MG/KG 0.2742 100.00 15.6720 5219 
637 006 B(a)P Equiv. 86688 UG/KG NA 143558 47.81 
637 006 Thallium (TI) NO MG/KG NA NA 

Total 02742 30.0278 

637 007 Arsenic (As) 19 MG/KG 0.8684 82.70 49.6280 83.53 
637 007 B(a)P EqUiv. 590.85 UG/KG NA 9.7847 1647 
637 007 Thallium (Til 1.06 MG/KG 0.1817 17 30 NA 

Total 1.0501 59.4127 
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Arsenic and BEQs were identified as industrial soil pathway COCs for AOC 637. Figure 10.7-47 2 

illustrates point risk for AOC 637 surface soil pathways under an industrial scenario. 3 

Table 10.7.34 summarizes the risk and hazard contribution of each COPC at each sample location. 4 

Arsenic and BEQs contribute to risk estimates above 1 E-06 at all seven surface soil locations. 5 

Industrial risk estimates range from 2E-06 (637SB004) to 9E-06 (637SB007). Hazard index 6 

estimates did not exceed unity at any surface soil location. 7 

Groundwater - Residential Scenario 8 

Residential groundwater pathway COCs identified for AOC 637 include antimony, barium, 9 

benzene, chlorobenzene, chromium, hydrazine, lead, 4-methylphenol, naphthalene, thallium, 10 

tetryl, and xylene. Figures 10.7-48 and 10.7-49 illustrate point risk and hazard estimates for II 

AOC 637 groundwater pathways under a residential scenario. Table 10.7.35 summarizes the risk 12 

and hazard contribution of each COPC at each monitoring well location. Benzene, 13 

1,4-dichlorobenzene, and hydrazine contributed to risk estimates above lE-06 at all three 14 

first-quarter groundwater sample locations. Benzene was the primary contributor to risk estimates 15 

associated with the groundwater sample collected from monitoring well 637001, and hydrazine 16 

was the primary contributor to risk estimates associated with 637002 and 637003. Initial 17 

groundwater samples collected from monitoring wells 637001 and 637003 were associated with 18 

hazard indices above unity. Antimony, barium, benzene, chlorobenzene, chromium, 19 

ethylbenzene, 4-methylphenol, naphthalene, thallium, and xylene were the primary contributors 20 

to hazard index projections at these two locations. 21 

Groundwater - Site Worker Scenario 22 

Site worker groundwater pathway COCs identified for AOC 637 include antimony, barium, 23 

benzene, hydrazine, and thallium. AOC 637 groundwater is not currently used as a source of 24 

potable or process water nor is it anticipated to be used in the future. Risk and hazard projections 25 
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Table 10.7 34 
POint Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC637 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

637 001 Arsenic (As) 73 MG/KG 00168 100.00 2.6974 34.71 
637 001 B(a)P Eguiv. 15072 UG/KG NA 5.0750 65.29 

T_._I " I"\.jco "7 77 ..... ..1 
I V~ClI U.UIVU I (f£"'t 

637 002 Arsenic (As) 6.9 MG/KG 0.0159 100.00 2.5496 97.98 
637 002 B(a)P Eguiv. 15.59 UG/KG NA 00525 202 

Total 0.0159 2.6021 

637 003 Arsenic (As) 6.8 MG/KG 00156 100.00 2.5126 46.04 
637 003 BlalP EqUiv. 874.6 UG/KG NA 2.9449 53.96 

Total 0.0156 5.4575 

637 004 Arsenic (As) 4.2 MG/KG 0.0097 100.00 1.5519 100.00 
637 004 B(alP Eguiv. ND UG/KG NA NA 

Total 0.0097 1.5519 

637 005 Arsenic (As) 825 MG/KG 0.0190 100.00 3.0484 9307 
637 005 B(a)P Eguiv. 67.451 UG/KG NA 0.2271 6.93 

Total 0.0190 3.2755 

637 006 Arsenic (As) 6 MG/KG 0.0138 100.00 2.2170 43.17 
637 006 B(a)P Eguiv. 866.88 UG/KG NA 2.9189 56.83 

Total 0.0138 51359 

637 007 Arsenic (As) 19 MG/KG 00437 100.00 7.0206 77.92 
637 007 B(alP Equiv. 590.85 UG/KG NA 1.9895 22.08 

Total 0.0437 9.0101 
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Table 10.7.35 
POInt Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC637 
NAVBASE - Charleston, Zone G 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

637 001 1,4-Dichlorobenzene NO UGIL NA NA 
637 001 4-Methylphenol (p-Cresol) NO UGIL NA NA 
637 no, Antimony (Sb) D7 II~/I 1 'lnnJl 

n '" 
... uu. V •• VY'L I .... ~V .... , .~ "M 

637 001 Barium (Ba) 6000 UGIL 5.4795 35.93 NA 
637 001 Benzene 55 UGIL 4.1123 26.96 47.4442 100.00 
637 001 Beryllium (Be) NO UGIL NA NA 
637 001 Chlorobenzene 38 UGIL 0.5469 3.59 NA 
637 001 Chromium (Cr) 33.6 UGIL 0.4296 2.82 NA 
637 001 Ethylbenzene 440 UGIL 0.3796 2.49 NA 
637 001 Lead (Pb) 44.1 UGIL NA NA 
637 001 Naphthalene 20 UGIL 0.0320 021 NA 
637 001 Thallium (TI) 3 UGIL 2.3973 15.72 NA 
637 001 Toluene 92 UGIL 0.0810 0.53 NA 
637 001 X~lene (Total) 6300 UGIL 0.4027 2.64 NA 

Total 15.2512 474442 

637 002 1,4-Dichlorobenzene 2 UGIL 0.0011 0.36 14278 055 
637 002 4-Methylphenol (p-Cresol) NO UGIL NA NA 
637 002 Antimony (Sb) NO UGIL NA NA 
637 002 Barium (Ba) 211 UGIL 0.1927 6189 NA 
637 002 Benzene NO UGIL NA NA 
637 002 Beryllium (Be) NO UGIL NA NA 
637 002 Chlorobenzene 7 UGIL 0.1007 32.36 NA 
637 002 Chromium (Cr) 1.4 UGIL 00179 5.75 NA 
637 002 Ethylbenzene NO UGIL NA NA 
637 002 Hydrazine 5.8 UGIL NA 2587867 10000 
637 002 Lead (Pb) 1.2 UGIL NA NA 
637 002 Naphthalene NO UGIL NA NA 
637 002 Thalilum (Ti) ND UG/L NA NA 
637 002 Toluene NO UGIL NA NA 
637 002 X~lene (Total) NO UGIL NA NA 

Total 0.3113 2587867 

637 003 1,4-0ichlorobenzene 2 UGIL 0.0011 0.01 14278 0.42 
637 003 4-Methylphenol (p-Cresol) 50 UGIL 0.6393 640 NA 
637 003 Antimony (Sb) 6.8 UGIL 1.0868 10.87 NA 
637 003 Barium (Ba) 3471 UGIL 3.1699 31.71 NA 
637 003 Benzene 3 UGIL 02243 2.24 2.5879 0.75 
637 003 Beryllium (Be) NO UGIL NA NA 
637 003 Chlorobenzene 2 UG/L 0.0288 029 NA 
637 003 Chromium (Cr) 51 UG/L 0.0652 0.65 NA 
637 003 Ethylbenzene NO UGIL NA NA 
637 003 Hydrazine 7.65 UGIL NA 341.3307 99.25 
637 003 Lead (Pb) 13.3 UGIL NA NA 
637 003 Naphthalene 240 UG/L 0.3836 384 NA 
637 003 Thallium (TI) 55 UGIL 4.3950 43.97 NA 
637 003 Toluene 2 UG/L 0.0018 0.02 NA 
637 003 X~lene (Total) 6 UG/L 0.0004 NA 

Total 99949 343.9186 
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under the site worker are less conservative than those calculated under the residential site use 

scenario. Therefore any remedial decisions regarding groundwater should consider the residential 2 

risk assessment. 

10.7.8.8 Remedial Goal Options 4 

Soil 5 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 6 

Table 10.7.36 for surface soil. Hazard-based RGOs were calculated based on the hypothetical 7 

child resident. 8 

Groundwater 9 

Shallow groundwater RGOs were based on the generic site resident scenario are shown in 10 

Table 10.7.37. 11 

10.7.9 Corrective Measures Considerations 12 

Based on the analytical results and the human health risk assessment for AOC 637, COCs 13 

requiring further evaluation through the CMS process have been identified for surface soil and 14 

groundwater. The site is currently in a moderately developed urban setting and risk to human 15 

health was evaluated under both the residential and industrial (site worker) scenarios. For these 16 

scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. Hazard 17 

was evaluated for noncarcinogenic contaminants through incidental ingestion and dermal contact 18 

scenarios as well. 19 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 20 

cumulative risk level of lE-06 or greater and/or a cumulative hazard index above 1.0, and whose 21 

individual risk exceeds 1 E-06 or whose hazard quotient exceeds 0.1. 22 
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Table 10.7.37 
Remedial Goal Options Groundwater 
AOC637 
NA VBASE - Charleston, Zone G 
Charleston, South Carolina 

Residential-Based Remedial Goal Options 

Hazard-Based Risk-Based 
Oral Oral Remedial Goal Options Remedial Goal Options Background 
SF RiD EPC 0.1 1.0 3 IE-06 IE-OS IE-04 Concentration 

Chemical (mglkg-day)-I (mglkg-day) mg/I mgll mgll mgll mgll mg/I mg/I mg/I 

Inorganics 
Antimony (Sb) NA 0.0004 0.0087 0.00063 0.0063 0.019 ND ND ND 0.00485 
Barium (Ba) NA 0.07 6 0.11 l.l 3.3 ND ND ND 0.031 
Chromium (er) NA 0.005 0.0336 0.0078 0.078 0.23 ND ND ND 0.00388 
Lead (Pb) NA NA 0.0441 ND ND ND ND ND ND 0.0046 

Thallium (TI) NA 8E-05 0.0055 0.00013 0.0013 0.0038 ND ND ND NA 

Semivolatile Organics 
4-Methylphenol NA 0.005 0.05 0.0078 0.078 0.23 ND ND ND NA 
Naphthalene NA 0.04 0.24 0.063 0.63 1.9 ND ND ND NA 

Volatile Organics 
Benzene 0.029 0.003 0.055 0.0017 0.017 0.051 0.0011 0.011 0.11 NA 
Chlorohenzene NA 0.02 0.038 0.0069 0.069 0.21 ND ND ND NA 
Ethy Ibenzene NA 0.1 0.44 0.13 1.3 4.0 ND ND ND NA 
Xylene (total) NA 2 6.3 1.6 16 47 ND ND ND NA 

PropeJlantslExplosives 
Hydrazine 3 NA 0.00765 ND ND ND 0.000022 0.00022 0.0022 NA 

Tetryl NA 0.01 0.038 0.016 0.16 0.47 ND ND ND NA 

NOTES: 
EPe Exposure point concentration 
NA Not applicable 
ND Not Detennined 

Remedial goal options were based on the residential lifetime weighted average for carcinogens 
and the child resident for noncarcinogens. 

MeL 
mg/I 

0.006 
2 

0.1 
0.015 
O.OOZ 

NA 
NA 

0.005 
NA 
0.7 
10 

NA 
NA 



Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Arsenic, BEQs, hydrazine, and thallium were identified as soil pathway COCs for AOC 637. 

Antimony, arsenic, barium, benzene, chlorobenzene, chromium, hydrazine, lead, 4-methylphenol, 2 

naphthalene, tetryl, thallium, and xylene were identified as groundwater COCs for AOC 637. 3 

Table 10.7.38 presents cumulative and COC-specific exposure risks and hazard quotients. 4 

Risk-based remedial goals for surface soil and groundwater are presented in Tables 10.7.36 and 5 

10.7.37, respectively. Potential corrective measures for soil are presented in Table 10.7.39. 6 

Table 10.7.38 
ZoneG 

Aoe 637 
Cumulative and Cbemical-Specific Exposure Risks and Hazard 

Risk Hazard 

Chemical Indwtrial Residential Industrial Residential 

Soil 

Arsenic "J non tv;; 5.0E~-Q5 0.044 0.87 •• "' ... --VV 

BEQ' 5.IE.Q6 2.5E-05 NO NO 

Hydrazine 2.9E-07 I.5E.Q6 NO NO 

Thallium NO NO 0.009 0.182 

Cumulative 1.2E-O.5 7.6E-O.5 0.05 1,05 

Groundwater 

Antimony NO NO 0.21 1.4 

Barium NO NO 0.84 5.5 

Benzene l.1E-05 4.8E-05 0.49 3.3 

ChIQ(Obenzene NO NO 0.084 0.55 

ChromIUm NO NO 0.066 0.43 

Hydrazine 8.0E-05 3.5E~ NO NO 

Lead NO NO NO NO 

4~methylphenol NO NO 0.098 0.64 

Naphthalene NO NO 0.059 0.38 

Tetty! NO NO 0.037 0.24 

10.7.157 



Chemical 

Thallium 

Xylene 

Cumulative 

Note: 
ND = Not detected 

Medium 

SoU 

Groundwater 

Table 10.7.38 
ZoneG 

AOC637 

Zone G RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spec~'ic Evaluations 
Revision: 0 

Cumulative and Chemical·Specific Exposure Risks and Hazard 

Risk 

Industrial 

ND 

ND 

9.IE'{)5 

Residential 

ND 

ND 

4.0E-04 

Table 10.7.39 
ZoneG 

AOC 637 

Hazard 

Indwtrial Residential 

0.67 4.4 

0.062 {J.4 

2.69 n.' 

Potential Corrective Measures 

Compounds 

Arsenic. BOOs. hydrazine. and thallium 

Antimony. arsenic, barium, benzene. 
chlorobenzene, chromium, hydrazine, 
lead, 4-rnethylphenol, naphthalene. tetryJ, 
thallium, and xylene 

Potential Corrective Measures 

Ii) No ac.tion 
b) Excavate1 Offsite disposal. and mt)nitortng 
oj Co_,nt/cawing 

a) No action 
b) Monitoring 
c) Ex-situ physical/chemical treatment and discharge to POTW 
d) Ex-situ physical/chemical treatment and discharge through NPDES 

permitting 

10.7.158 
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